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[M«gpBpli I.] 



Tlw TmMtaatliiiM of tbe ITajtml Stntm Oeoloj^eal tiamj are nmnti In iMordHiM wllk Ibe gtMvto 

npproTi-iI March 3. IrTSi. wliicli ilwlitT»-'« ttmt - 

**Th«^ lnjllIiratUMW «»f Ulf G*'t»l-';;li ;ll ^h;lll tniiHmt nl lln :iitni;:il lc|nii-t rif n|MT;tt lonii, goo- 

logical «nd eeouoiuie uiw|m illustratiuj; the mnoarous atui claasillciUiun uf the laiiiU, niiit rr)iiirt< npoii 
e< ii«nil mA MnHMuo fMBir ami yahmaitikmr. TIm anaMl rtfmit «t oparat imiH or tite QeologlMl 
Survey dutll BMomtMnT lb« Miiin«1 rapml nf the SMntery of tin Interim-. All mnvM momolni Mid 
rvporta of will Siirvcv ilisll Iu< iiwiiral in nnif<<r»n •)iiarto writvi if ilwiimt ii«:t>*<«ri- liy Mfm-tor. bill 
othrrwiw in onlliiars orlnvnn, Tliroe rli HiMiml i iijti«>;<uri.>»ch itliall be ^>i|lilialinl Inr x imtidr i \< |iiiiij{«"h 
anil fiir aalo at tha privc of |ml>lif:i»ti»ii; ami nil lllvr»r>' Mid Mrtoxtspbio iiuMri&U rocoivnl iu «xcli»iii(i- 
" " " ' mn*i 

fliilliiiK fnioi tlw mIb of aaoh poblloattaaa riiMl tMimmi 

StoUw." 



ahall bo ihr pr<>p<Tt]r of Uie United Statm wid imn K IWii nC th« Vmvjal tbt MKaiiixntioii ; And tbf 
inimt'v rvfliilliiiK fnioi tlw MlBof aaoh paUlMiikm rinH tMimmnd iMotiM TctMur; of Ibe UniUxt 



The ruiiowiag J«lBt KiHtattoD, nUnU tg to all govamntat piiM<caliMi«, ira» pamJ by Ooagnaa 

July 7. I'T*: 

" That wbenerw any daeaaieat vt nfait tball ba anieied yriBt'** Cangxtm, ibm ahaii be 
printod, in addittnn to ilw namW in «acta (uue stated, tbe 'nwial aambi-r' (1,900) ofoipirH for bindioK 
and dlntribntioti nnioiig tho&o cotitird to tvccivw them." 

Exempt in thoiie coiwot in vrliifh an »«xlr.i nnmW r nf anv pnlilicatimi has bd^n anpplird to the Siir- 
T«y by •|N!«ial molntlon of CooarHW or ba« b«oa otde»d by tbo 8«ci«taiy of tbe InMiior, thto office 
]»•« 90 Qopin for giattiitoa* dtatnbatioo. 

AMMVAL REPORTS. 

I. Firat Anonal KoportoftliH ITalt4Ml Htatt.<!< ne<>l<>|;lcal Snrvvy, byClaroni-v King. 1880. If*. 79 
pp. I map.— A pmliminarv rvpiirt describing; |>lun <it' i>r);Aiii»ilK>ii and pnblic-iUiono. 

II. .Sn.Mrarl .Annual Kf|i«rt of the Unilml »tttt«i» Gwdiigical .Snrvoy, |HH«-'H|, by ,1. W. Powt-II. 
18*4. . Iv, >■->- iiJ yh I nmp. 

* III. Thinl Auiiijjil H«'P"rt of tlii> L'nitvd !itat«» 0«alu|{ic»l Survey, ItSil-'sSf, by .1. W. Powell. 
1883. x . xviii, ri4VI pp. tn pi. and mam, 

IV. Kourih Annnal Itxport uf thi> ITalted Btatoa OaabiRiaal Sanay, ISSMSit, by J. W. Powell. 

-17;' 111' ""5 I'l nt«' itiapn. 

V. Kiftii Aniiu:.! Ki'|H.[i ..r 111.' rnir.»i fllatw Gaaloglaal Snmy, U83-''84, by J. V. Favatl. 

1*5. ixxvi, 4«iy pp. fifl pi. jMiil mau«. 

VI. sum Annual llininrt of «ho ITnitod Statwi OmUigicjil Survey, I«k4-X'., by .1. W. fowrll. 
tifb, BP. xxix, r»"0 pp. (is pi. and innp». 

VII. »«vriitli AruiKut ni \u'r' tin- riiif. d Stat. -■. n.-oIn-K iil Snrvcy, Im'.-**, by J. W. Powell. 

VIU. £ighlll Annual li»ti.tfl ..t Ibe irnit<Ml .St«t«» Uwiloginil Survey, InHti-VV, by J. W. Powell. 

iM. 9>. s T. fix, 474, xii pp. .M pi. and n«M{ 1 in, L 47&-UIS3 M-9« al. and uimm, 

n. WmDb Aannal Bo|k>h <>r tiM Uaitad Biatoa Oaalqghal flanay, t8B7-'aB, by J. W. FMnlL 

... . ^ umph 

iaibyma. 
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». zai,nT|ip. 88 pi. and 
VbaTwlli Aimaal ~ 



, . - Biap. Price tl.60. 

Iar«nm B. Dttlton. t:a|ili.> U.fll A, 



I. Lako Bonnnville, by drove Karl OillM ft. IHUO. 4 '. x\, 4:tH pp. .'.1 ul. I 

II. Tertiary llintory nf thp (iranil Cahon hii«lricl. witliallw, by Clar«nm B, Dtt 
IK-y. 4'-. xiv, it>4 pp. 4'i pi. and ulbui of 'Jl Hb«'t« folio. Price 110.00. 

III. Oeoloi;T of Ihu CoinatiKik I^mI>? and the WaMhoc l>i«tricl, with ntlan, by Gmrxr K. Keeker. 
IKHa. I-'. XV, Att pp. 7 pi. and atlaa of ai hbcet* folio. Pricr Ill.flO, 

IV. C«lna^»>k Minin;; and Miners by Kliol Lord. >t^' 4". xlr,4&t pp. 3jil. Price |I.M>. 

V. Thr rov|.. i B.:iriiiK K<N'kt«vfL«1w8apariar,byJMaa4DnMrIrv{ag. IflSK 1f>, xv{,4Mpp. 
151. iOpl.aod map*. Pric«tl.tj&. 



tl 



ADTBRTUmEVT. 



V]. OnMbBliona to the Rno«Ied^< of ibu OUIm liomaaio Vim of Tlnrialm b* WUUmi Hwito 

Poatsin* '•<rt:l. <«». xi. 144 pp. Ml. r)4i>l. I'riw It.ll.".. 

VII. !^il%'pr-L«HMl D«|>u«lt.H nf KutrkH, Ni<viul;», t)V .Ii>w|ih Sinrv CnrHn 4 xiil, aOO pp. 

Itijll. I'lM. Tl.Vil. 

VIII. PsImutolngTof theEarekaDUtriot, brCbsrlcaDoolittlcWalcoU. l!M4. 4". xiii,:ldSpB. 
Ml. ■i4pl. Prieoll.lO. 

IX. Brachlopoda und Lamellibnuioblsta oftbe RaribinOlanani OiMMMd Marto«f How JMatf , 
by Robert P. Whitfi^lfl 1»«r. 4^. ii, 338 pp. :r, pi 1 maik PlteaiLlB. 

X. UiDocoiata, MnnocrrRpb uf an I^xrim t (>r«lrr nf Qlgftatla IfaOlMli, by OtfaUNl ChlllM 
Man»h. I*«. 4'^ jcvlil, •.<4 t [,p. M I. hd pi. Pnc« 18.70. 

XI. Geological Hiatury of L:ik<' Laboiitan, a quaternary Lake of KoithwutlCH Html*, kf Iw—I 
Cook KusmII. l!tj5. 4*^ . xiv, Z-<-l [jp. 44> pi. anil ni»p». I'ri«>|l.75. 

XII. Geology aitd Mining ImlUHlr; of Ixiailvillv, Colormln, with atliM, by 8aiuiiol Krnnklin Bn- 
Oiona. IrtHti. 4°. xxix, 770 pp. 45 pi. and atlas of 35 abaeta folio. Price ft^tO. 

XIII. Ueoloftv of tbo Quicksilver Depositw of the Pacitic Slope, with atlaa, by George K. Becker. 
leHH. 4". xlx, 4»3p». 7 pi. ami atla« of 14 nhrel* fnlin. Prii-e i^.OO. 

XIV. KniwII PliuieH and Konall Platilw uf ih« Triaonic Roclu of Ne«r Jeney aud tlie Coaa«cll«at 
Valley, bv .lohii 8. Newberry. 18Hct. 4 '. xlv. I.V2pp, tM pi. PriMtLIK>> 

XV. The i'oUimac or Vnungnr MeMiiioii.: Klorn, t>y William llottia FoUtaiMi IBM. €>. xIt, 
377 pp. lM)i>l. Taxi asd jtUlMlwandaeMrMidr- PriMlsi.ao. 

XVI. fbePaleoui•mwflrMlK*hAB«ri«^ bir^iihmainngMMrtN^ tm. 4«. mn, 

03 pi. Price 11.00. 

Id preparation : 

— Dewription of Now Praail Plaiitf rruiti ihr IUk'<l;t Gr<>ii|>, by L(>>» Lewiiierenx. 
— niat«ro|HHla of the N«>w .Icnu^y C!r. t:i. i-niis im.l Ivwrnm .M:irl^ In R. P. Wbitlielil. 
— Tbe I'ennkee lrun-B<Niriiig tWruvot Northern Wiworiain und Mii bigan, by KoJand D. IrviDi! 
Md C. H. Van HiM. 

— Molliiiica and Crnntacea of tbo Mlooonc Fonnations of Now Jentoy, by R. P. WkWUUi 
— Uudngy of th< K.Hn-ka Mining Ublrict^ McvmU, wilb •tiai, by AtDold U«g«k 

— 8anr»iHHla, !<> < >. r, Harah. 

— Stegoaanria, by O. C. Uarsb. 

— Bnmtotheridv, by O. C. Marah. 

— Rnportou llie Denver Coal Haain, by K. P. Rinnionit. 

—Report on Silrer Cliff Kml T>'ii Mi'ri Minhi^: I>mtrMsta( Cokiraido, by 8. F. KamoM, 
—Flora of tbe l>aknu tiioiifi, li;, .1. .\i'ivlnTry. 
— 'f iw Olaaial li«ke AgaMix, by Warren Ilpbain. 
■-«Mlogr Of tto PMMuo C^matiMi in V&f Inia, Vr. M. 



BotuRinn. 

I. On Hy|>«rstbenivAndmil<iand <in Triclinir Pyrox>'i:' in \iij;itio Rooka, bv Wbitman Crimi, with 
• Oeulogical 8k<!l«h of HnlTabi Peaka, Coloriulii, by .S. F. KinriKtnn. letfi. a^. pp. 'i pi. Prioe 10 
oaota. 

9. Gob) and Silver C<invi-n>ion TabliMi, giving tbn raiining valrManf troyoBBWaof fliM HMtal, ate., 
eornpnted by AllKTt Willi^iitii. Jr ^* "'pp. Price & centii. 

3. On the Fowil K im i;i>i>t Hi.i U|i[N r D 'umian. along tbe luerldian of 7i: M , frnin 'Vnm\iktWB 
County, N. Y., to Uradfonl C<iuMly, Pa., by Hi'nry S. Williams l*M. . 36 pp. Prici< r> wM». 

4. Onlil««>Misl^iMtl«lMri»wrl«iA.WM4». MM. ^. 36 pp. »>l. PmmAamtla, 

5. ADIetlaimt7orAitUiid«int]MUDit»d8lstea,eiimpiledbynenryaaaBM^ lAM. ffi. 3£i pp. 
Price !M> routa. 

G. KloTatioii'< in till IWiniinlnn of Canada, b) J. W. 8|»<-iir. r , I l Trn r < ••iitii. 

7. MapotM-aiiwlo}(ica Amurioaon. A Cntalogueof Geoloitiuai ilMmul' Aiii«rii'a( Nurlli and Sou tb), 
IM^Ifttl, iu geograpbic and ehmwiogiu order, byjuloo Harcon anu Jobn li<>lknap ilMWII. UM. 
*». IM pp. Price 1« cenU. 

8. On !*('<'>tn<!.iry Kiil.irgementa of Mineral Fraguienta in C«rtiiiii l^u•li.^, In It II Irviiit; .it)'! f. R. 
Van lliae. l^"-! ^ r.H |in. fi p|. PHce 10 c<^nl«. 

». A Ke|tnrt of work done in tbe Waabiugtun Laburaklorr daring the i\6€^l vi-ar Irt(<:t-V4. F. W. 
CbrlM, diiaf dMMiM; T. M. Cbataid. miMMttktaitiL mi. 9*, 40 pp. I'rir>« S omla. 

10. On the CMiitirfan Panaaa of North Amerim. Pnlinlnary atndim. bv (.'b.irto* DoolHllv Wal- 
lolt. l«S4. en. 74 pp 10 pi. Prw ocntK. 

II. On tlie Qniiternary and Rivont M-.llii-*:! nf th.' H.i.,!n ; « ifli I »n.>icriptiiinn nf New F'onnK, 
by K. Blbwurtb Call. lalrodnood by a sketch of (lio Quaternary Lakes of tbo Uraat Baaiu, by Q. K. 
oilhati. 1884. 1^. 6<>pi>- •'!>>- l^6«aBli. 

12. ACry«lallogfaphicStudyorthe11iiBolitoofLBl(»ti«hontan,byK(Iwar48.I>ana. 1lM4. Bf. 
34 pp. 't p(. Price fi cents. 

i:i. IJnuuiliiriiiii of tbe I'niloil Stat■■^ ikuM uf ili- wvfi:il Si:itci mill r'Triinrii-ji, with a llidoitoll 
Sketch of the TerrilwIalCbanfioa, by Henry Gannett. Irt<>. »\ 135 up. Price |U wala. 

14. The EleetfioU and HMmU« FreMrliMOif the Imii«iiihiirat|, hy Ottri Barm Mid ▼iuwut 
8ttaoh«l. 188k 9>. aWjpp. FHoettae^ 



ADVBRTIABItBMT. m 

16. Oil the Me«oznie ftnd Cenotuin PnlmntuloKJf Califonii*, by Clutrli-ii A. Whilo. IMBTi. flo, 
a fp. Prion r> reulH. 

IG. Oil the Higher Do vodi an K-.iuiuks .>f Oiitarin County, ??■■« Yoik, 1>; .Tofiii M. Clarice. H^. 
81 pp. 3 pi. Prico & c«Dtii. 

17. Un tlio UeVRlopinenl orCi°>Kl<iMiuiti<iii iii Liic iKnnnuH Itiu^kn ul' WimIkm*, Nevailii, with NatM 
Ml ttoOMbgy of the Dl»triot, by Aninid H»K"e <"■<! Ju"«l>l' I'liliOKO- l^>- PP- Prioeft 

oanta. 

IH. On Mariiii^ Kurfiii', Fii-*li w.ii.-i- Miiw.-iu-, iim! iirlirr Fu^uiil MmIIimimi of Wi-.>l<Tti Nnri li Amcrien, 
by Clmrli'-. A- WliiCi'. Is-,.. •■ . -X- t>\'. :i I'r^' c :. <( iit«. 

I'J. NoUwou the 8lr.it i ipli y of L'sliforiii>> liy flvorire K. Itecker. IfWi. 9". 38 pp. Price 5o«nta. 
«. CMtdlmliom t<> tin M.nerakKywrtlwRackjrM(MnlidiN,lif WUtinraCiMaiidW 
tewd. MK. t)". tt4 pi> 1 |ii Price lOecnu. 

21. Th« Ui0nit««< of ihr < ;n jt Sionx K«aprvatimi A R^'pon nn tfii> H<'irirm l«>tiT<v>n the Grand aad 

lloreaii Kivoni, Dukiiiii, hv lliiili-v Willi.. 1— .''i, >• , I'i pj' j'l I'ri. i' ,' tit». 

X& Ou New Crt!t«ceuu« KcmII* ftuut Cttliroraia, bjr Cbarlm A. WliitP. !>*<>. H^. 'i5 pp. &p|< 

n. OlMMTvatiou oti tb* Jmaetioii iMtwMn (h* BmMiii 8and«b>n* tmA th« R«w«Miftw 8«riM on 

KAWtwiaw f'oiiil. Lake 8«l|»prior, hy R. 1». Irvinj; i»ni) T. C. ChiiiiilMTtin. IH-fi VJ) pp. 17 pi. 

Pricu 15 Ct<lltM. 

)M. Lbt of Ifarina MoUuaoa, ooraprMing the Quatoruuy foMHlit and rccout f<vnia from AiMrisan 

Thx Prcwiii) Tecbiiical Cniidition of thi< 8tn-t Indnstrr nf tbr Cnifnl ^taN-^, by PhiaMM BmMM. 
toSi. H^. pp. J'ricr 10 wiitii. 

M. Cop|H>r SiUfltiRK. by Heury H. Howa. lasCt. ef^. 10? pp. Price 10 cenU. 
27. Re|>ort of work doiiv in lh« DivWonof ClMHnlMijaiiilFknia^ nslnlr dorfiif tiMllaiMlTMir 
UtH-'HO. ^. l^tpp. Prlw 10 cc^ntn. 

The Oitbbroii aad .\iuoeialoil Horubleiidc Bockn occurrlii); in the Neij(blM>rbo»d of Battioiore, 
Hd., uy CK'ori;i< HniitiDKUin WilUninn. H-il. <■< pp. 4 pi. Price 10 oonta. 

io. On tho l-V(^h'WiM<T InvertiibratiM of tlw North Am'^rican Juriwulo, by Charim A. Wblt«. 18Hli. 
8^. 41 pp. 4 pi. Price t> centa. 

30. Sec<ind Contribnlion to tb» Stndioo on th« CniDbriaii KaaQaa of North America, by duirlM 
DooUtUo WakotU I H~. n«%)pp. X) |it Pric<- l eiiU. 

31. Sy»t«iuntlG Rnviewr of oiir Pre«)''iit Ki.owlodKv of Foaail Iiineotn. iiuillHUa|r Ibvtowida UtA 
Arachuid^ bv Samuel HiibbanI 8«ndd<ir. imil. >t^. I'M pp. Price IS oanU. 

:m. LiMnaod AiiuIvmm of tiio Mineral 8prii>KH of tho Ulttad 8UlM} m PnUnlnaiy Stadf. ky 

Allwrl C. Prale. 1»*6. if. '21% pp. Prict> 80 c«nta. 

:t3. N'uteaoiithe(j«ol»);yurNurthornCaIirnrnia,byJ.8 I)lll•^r. Hid. »\ '^'1 pp. PriM&MMlk 
IM. On the relatinuof the Larainin Molliiwaii Kautia Ut that of tboMacoMMlinj^ t'iMl-iniMr BmWM 

nnil other KniiiiM, by ClikriM A. Wliitci. US&. tf>. M pp. 6 p). Price 10 centa. 

PbyHiciil ProperltMirf tin lniB>CulMiwlB, by OmI Baraa ndinMeat fttmuhaL UM. tP. 

62 p!>. Prioi* lOcoiiU. 

:«>. SulMideiir>eofFiiie8«IidPartirle!iiu LiqiiiiUl,b3rCar!Baraii. IriHTi. 8». Mpii. Price 10 centa. 
37. Tvpea of the Laramie Klora, by L«At<>r K. Waiw. I8H7. :M pp. M pi. Price ti5 oenU. 

3t^. PeridnUU''orKilicittCoaaU,KMtiicky.br J.8.0ill«r. UUT. ^. »lpp. lyl. PrieafteenU. 
:<». TliK Upper Heavhnt aqd DbllH of WO Qlaoiol MtO Acwla, by Waum Upbom. ttSt- S^. 
04 pp. I pi. Price 10 cents. 

40. Cbani;eii in Rivnr CounwH In W.uihingi»ii Ti^rritory due to Olaciatlon, by Bailey Willis. lrtH7. 
8°. 10 pp. 4 pi. Price & ceuta. 

41. Ou tl»f> PfuwM fjiun.x nf the LTp|Kir Denmiau — the Genneo Section, N«>s\ Turk, by Hour? 8. 
Willlama. H-7 . 121 jip. 4 jd. Prlrv l.'i centM. 

42. Report of work tluuo \u tho DiviAlim of CIteoiistry aud Pbynica, mainly during tho Qaoul year 
l!«<>-'dli. F. W. Clarke, chief cbeniiRt. i>*f7. i^". KnV pp. I pi. Price 1& oeals. 

AS. Tertiary andCrrtaecuiiH.Strntanf theTii!iniIoi>w^Tonil>iKb«e,kMlAUlMMBivon,byB4g«w 
A. Sniitti and UwrtneeC. Jobiwon. iaj7. »>. ItMpp. 31 pi. Prioe IS oeirta, 

44. Uibiiograplqr of Nortb Amoriaon QmUff Ht USA, bgr IMma SL Dorttm. IMT. 80. a& pfu 
Price & ccotii. 

46. Tba Prmoiit Condition of Knowledge of the Gcubigy of Texaa, by RoboH T. Hill. 18^. 0°, 
M pp. Price 10 oenla. 

46. yatnre and Origin of De|MMut« of PhowphatJ* nf I.biic, (i\ R A IViinw, jr., with ao Intro- 
doctioii by N. H. Hbaler. 1*K 113 pp. Pricw I.', n uti. 

47. AiialyiieH of Waten of the Yellnwatuno Xatioual Park, wttb nu Acuuuul uf ihu Metbodn of 
Aiulyaia einployod, by Frank AuKlin Oixicli and JanioH Edward Whit6olil. ItMr*. 8°. DA pp. Price 
tOewte. 

4H. Ontlic F..rtvi an.l PoMlinn .if the 8eaLoTf1. hr Hnhnt Siiiiv>M>n Woodward. 1888. H". 88 
pipk P^ic^^ 10 1 ■•nt«. 

40, Liilitudi-N and LnngitadeK of Certain PoiutA in Mixciniiri, KuuKaa, and New Mexico, by K4ilM»rt 
flimpioa Woodward. IBtt. If. 133 nn. Prioo 16 ooDto. 

SO. Fominlaa and TbbVM to AMilft«t« tbtt OtnutraeUoii and Uoa of Maps, by Robert Kiuipom 
Womlwanl. " . K>4 pp. Price 15 coMta. 

.^1. Ou inv. rt,ur:tu FoMdlolkMidiaPMiaaOaMltbyChMlMAbiKMwrWIiita. UBH. 8<». 109 
pp. 14 pi. Price 1& ecu la. 



IT ADTSBflHBIfBllT. 

02. Suljurinl D««»v nf RotHi» nai\ OriKin »f ihn Ret\ Cttlor at Cortain FormittloiiB, by laiuol Cook 
KnaBcll. H-'. fiT} p|i. 5 pi. Pri«e 10 ceQiR. 

!>3. TboOoology of Nantucket, by Nathiiuiol Soatb);atuSbalcr. 18<$l. If. &5pp. 10 pi. Price 
10 eents. 

M. On the Thcriiici Klectrlo MeuuiiiroiiuMit nf HikIi TBiq|VBr»turB!«, by Carl Rsni*. IHU9. 1*^. 
■iiy pp. In<:l. 1 pi. II pi. Prici! 25 c«ntH. 

■V). Koport c>f work duiiii in tbe DiviHioD of Cboruittnr and Pbviiics, niainlv during the liaoal j 

1W,-<H7 Krnnk WlKglwwnrib Ct«rk», ebief «beMi«l. tm. IWpp. Priea 10 MUla. 

- .. - , , 



I ..v'.ii WiHMl and Ugniteor the PotwiM FMiwtteii, liy Pniik IMI Xmirltra. UMk «p. 
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PREFACE. 



When tlie GcnloKica! Survfv was cTcntc*!, in lH7f*, it luid for its field 
of o|)eration8 the country we»t ol the (Jieat I'laiiis. In its original urgaiii- 
zatiun, under the directortibip of Clarence Kiug, the Division of the Great 
Bttmn was eataUidiQd, with h«adqiiarten at Salt Lake City, and the IMvj^ 
ion undertook as its fint laige woric the Inveslagation of dw meistoceiie 
lakes. 

Aftenvard the field of opcnitions dfthf Sim-oy was extended over the 
entiro United States, aiul as tlie approjiriations of fund;* were not corre- 
spondingly increased, a re-organization became necessary. One factor of 
diat re-oijgBniialioin was the abolitJon of the Great Basin Oivinon. Its last 
field examinations were made in 1888, and the publieaHon cf the presrat 
volume doses its work. 

Tlio preparation of the volume was begun before the re-organization, 
and many of the plates for itx illustration were then engraved. It was 
planned to be chietiy descriptive and to be restricted to the single lake 
whose name it bean. All general discussions were to be deferred until 
auny lakes hsid been stndkd. But when it became necessary to bring the 
work to a clo.He, the plan of publication was changed^ and it was determined 
to include in this volume such generalizations as were pennitted by the 
material p-nthcrod. 

Thi^ ehaiigtj of plan is in part responsible for tlie great delay in tlic com- 
pletion of the manuscript, but the chief cause of delay has been tlie assump- 
lioii by m)-8e1f of new duties befbie old ones were fiilly disdiaiged. 

Portions of the material of the volume have already received publican 
tion in various ways. An outline of the history of Lake Bonneville appeared 

am 
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in the Second Annual Report of the Survey. A partial dtseumion of the 

defonnation of tlii^ plane of tin- Ui>iiiH'villc slKinvHuo WM« pn>si'Uti'<l to tlu- 
Anu-ricaii Society of NatunilixtM at its Hosloii luet'tiiiL', ixx.'i Thr Fifth 
Aimual Hej>«rt coiitainetl a pajx^r oti tlii' toi)i>},'Tai)liif tcaturtwul lake shoi*(?s. 
The subjects of the fiixt ami secuud of these publicatitiiis are here greatly 
amplified The text of the third in hi large part re}>eated In the second 
chapter of this volume; but tJie specialiKt will find new matter on pagett 
25-2<i, 30-31, 3!', ) _'-4.-), n'i-bF^, CS-Uri, 71, K()-8a. He will also note tliat 
the (liscustiiuu of riiythmic embankmeiitD taken a new form in another 
diapter. 

To those assistiuitis foUeague^t, uiul fellow .students who have eontrib- 
uted to my store of material I have endeavored tu give credit in the pages 
of the text, but it has been imposflible there to acknowledge my multifarious 

obli^rations for friendly aid, advice, and cnticisni. To numerona i^tixens of 
Utah and Nevada I am iinli litcd f<»r substnnti.tl HivniN, ;utd some parts uf 
the work would h■,^y^^ Ih en v ery difficult withuut tiie apeuial fuciUticji uiiWdud 
by tlic riuiwuyii yl L UUa. 

G. K. G. 



ABSTRACT OF VOLUME. 



CHArrKK I: IXTRODCCTtnv.— Diwitroplii): |>rTW«<Mi-iii t4-n<l to thi> fiinnntUin a( cIimcmI ttimiiw; ttMUW- 
plirrie, tu (heir tlfnlniclidii. In uri<l n>j;jniii« fiinii»liv<- |iriici-<wc« |>rrvail; in liniiiiii, daitrDO- 
live*— Tbe titmt Bbmii iat Ibo chief Nortli AiucriBaii diatrict of interior dnkoagc, but k infernir 
to llMW «r »th»r •onriowts. Iw tlty ollm»te U oawtcd Itjr ««rtNln nlMisM of wknd« mnA oa.'«ii 
iiiimi»l6.— Hw n«ial<iM0i* Mm «f iIm GmiI Biwiii have Inwn tmivlwiialy iluiUgit lijr Btonabnty. 
Ilrdiwilh, JKilMk ttmpMNi, Eh|bIumiib, Whitnej, King, Uaffius Hmmma, tfajdrn, Biwlfatf, 
Ftaoto, HMall, and Fvato.—TlM Baia«v!llo Badn ia Ibe aonbeMtmn |Mrt i»r ths Qmt Baiiv, 
KUi iailiidw one'lbBTih iu kmk.— Tlw Um PteUtWM* to pielbmd u> Qi>»|)vrii«rf . m Mog 1«n 

dMrm II: Tovogiufiiic FRATcms or Laib BuiHtn.— Tlmw»Ta»uid«hoi«ciimiitoiirUltwBM 
fwodnewl I9 tha aauia vimh. Tba j wvrk t^WDtliar In llttm) tnunpartatiim. Wbcm • abaca 
•Binmi la aecalMalMl, lltleral anulmi •eeuni; wlwra U la Ktordod, lltioni depoaitlm. WiMim 
tlH aunnt «l«parto bum tha aliora K apit la Imill.'— Tba Ml* finwatlmi baa tliiM partk Tha 
•narMi4 aiMdto pail^aM coaiaar than tba lowar; Um batkUiiKiir the ndddia ia aum Mgbly 
hMUnad than thM «f tba npiMr aad lowar.— Aa adotoaoant oamt la markad br mmw tanaaa 
«ad alwnaa of ahoM drift and amtanknenlat iHiBwmi»a«aibMiki«aDlamrk tha oktma ooaat— 
Wftva walk nndem coait lino law taMdOUaii— OUiib temaaa^ mA vMiai^ d«a ta ahaaa procMMa, 
may b« dlaUnKiilnhi^ tiom iriralllar fcatniw pradnEsd othcrwtia by ttw otudy of tbeir fbnna, 
Ktrocturm, aud n^lalinas, 

CuAPTr.K III; &11UHK8 OF Lakk IIoknkvii.i.k.— TIiv Ihnincvillt- Hliuro-lirio i»a>M>iit 1,000 fMt abora 
Or«al Salt Lake, nod compsMci iiii iirr* iif ly.'Wi M|iiiirii tiiilw. Thr I'rovo shorc-liiiQ eoutount 
the buHlti 37*> f«rt low<-r, ant] istlio Biroiigrst iiiarkMl of ull tbe sborv-liiic*. UvtWM'u tbi< Roniuv 
villi' ,>ii(l thi! Pdivii un- ibn IiitiTiiiwIiato sbore-lint-'K. — Tbt< »f iiobniuimii iif tbi^ entire lionncville 
kUuru-luie i» iihowii by iim mth-h t>r<<niliiii)kminnlH.^TIi<- Iiil«tniii-<littl« iMiili»nkiiifiit» nri' ryhlbuic 
prodiictii of Ihv irrrf;nlar owillalionn of tlin nut>-r Knifiiri*.- -IVIInK brlrin)> > liii tly ! > tl.i' I'tnvo 
■lion^liuc. — Tufiis wvre il<-po«ilvil jnil bi'low llie wafer nnrfuco. — Tbe cbrniioln^ii .ir ii, i ttt tli« 

nlinr.- IniMl In (t) lult'rtllrdilltt-. C^) Bolilj (■ V 1 1 1. ill riiiMi. 

ClIAPTK.K IV ncTLKT— Al (Iio level of the Honn- ■^ iMi ^l irc-li(ii' tin- iiikr ovi-rllcnv . i| m n.iiii^ a Hirearu 
frnui (111- iiij.-ili ■■ml ijf C irln' Valley norlhwui.i lo tlu< Siiuke Kivor. Tbei«i*il nf iLn mil I.-; whk of 
iillin iuin. I):il '.> itl< ii Il1ll^^tull>' l<-di:<^ liriM .illi. TIh! ailnvliiin wiw cAnil^' wnnbed awa^°, and » 

jirioni ill wjiii-r :>)<i>ii- :i;r. rt.'t (i<'<'|' '.v.Mit K ii i.\ :< (ii'tuirif. lowfridc thalakatotba la*alaf th* 

lllllCHliim^ if.l;;i', TIlit '.(n. l i.l. s vi ilh tli'' i'rovn ahort'-IUH'. 

CVATrKK "V KoN.vKvii i.K Hkiis — \Vi;l;iii t u,- , ii i l. of the Bonut > iUi- -Ijore-Iiiie arc lali<- ^i-nlim.'iit* nf 
llie gallic ilalf. Tlir- Wni'i- M:4r!, rfl :it i v ■- 1 \ 1 Inn ntid rHiciif loti^, Uew nho^ o the YoHow Clay, rela^ 
1 1 \ el \ t 11 ilk ;iinl ul II IK I n i^ii,-*. Fill V a rr srj-.i nil ti\ a jilnru* nf (i^rtMsioii. l-enl ifv ill}; to a dry 4^(MK*b 
hi iw I'i'ri ( » (> Iiii mill ii|iuc)i». 1 )■•' riiicitivvtiix (iliitrix ter of t bo u[ip<ir meiiilH-T in tlimrrtirnlly con- 
in ci.'.l vvitli till liiirisl of aaltx durih); the dry epiicb. — Tbeatrata eonlnlii frrxh- watiT ahellx of 
living species.— Tbay am ditridad by • iiyalaBi of |MinklU>l Joiula, aa«rib«d to wirtbqiiake abaeka^ 
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AB8TRA0T OF VOLUMR 



OKAPlm Yls BinOKT d» nuMintviLUt Bahn.— PmtIom to tli* BmNMnrllhi biilwT tha lMiin wwm 
fetid. TIm Am rtw «f Um )*k« wu wi llwat •verflow, and wm lonj* msiulaiBed ; th»TillMrClty 
««■ tlM d^MitMl. Tb« neennl liM wmfk 90 feat kigliar, cjiiHMng ovcHtow. ««■ af «h«rl«r 
dmiim; thaWliii^ Miiri vrsailwn4e|MiinMi. Tb* Bitfel dtrlug 4ivM«a (h* toiililiiM»ilona 
imtolMadMit bHias, tliu UricMt vf w|il«h «aii|«iM 0mA Sull Uk*. Sine* |g|» tbrt Mu» Bm 
wiWAlMdIy riaen and fUten thmmba nnc)»«f MI<wl.->Tb» bWm?' «f Lnko BMMVillaifepar' 
•lloM IiT (bat of Lake Lahrataai, aud Mdi iaoimwMtwl with • biatury uf ^iMiatlMi ia ailJsc«Mt 
mniinUiiii*. Thioroiiiiri-ruin, tlt<<il»|HtU(WMtla«ortiMlb«Hllh«l)l,«BillM»M«l}r<ti<i«rttmrtliiiatin 
oomlitioDaorKlucisliou, teaU U> Ilia WMliiabin IhM (be taiBaatriaae^btWMriaviMiebaorivlativa 

OBfeVmi VII: LaiK BosriiBVi&uiA»DVaiuuiaoBitDrno]r.--TI*grMpor anall cnltmiadbHalUa 
fl«>UI» iiiF«r Fillmnrc, Utafai ara elnafety ielNt<tt to t b«> laka biataij. (hum ornptiona taak jdaaa 
bainatb Ibr tirolar ofH» Jaka, vUvm atnea lU diaai>|M>«na«e, aad atkcia anaia dMring Ike iotar- 
faaiHtrfiia apnab.— IhiManiM bMblde myttaiiaMoitmd In Iba laka arr* brliMW tba laka paricd, 
awl at aim aailiar dataa rhjralito «aa axtnivaaalad. 

CHAPnm vni : Lak« Box!(kviujs and 1)i ARTHqnija»>'^fa||anle obanBe doriDg a |mriiHl Hiilmninaiit 
lA tha laliiit l» sIkiwii Uf fknh n-jtrfm. TIm f miHitimi af faoU aoarpa la aeeowpaulnl cartb- 
■innlccii — Kp<-iraic»aiccbaoKe dnrias aporiod mit>MH|amit to tho laka ia ahown iijr tba dafiimnlioii 
of tb« plaiicx nf the almre-Une*. Umler tlie pitiitnlate titat tba domtag ofllw planaa ia dna to the 
ilrj htK au iiy of lliit luk<-, It lit oiii«Otiilv<l tliut (lio i>traiiiii hi<liiml by lb« uriUiMliiiK of tlii? arL-iiH 
•■xr<!«ilFfl t)ir rliiMlitr limit of uiaterial aud cuuM'd vismiw tiUtorliou uf llio rartli'it crust. 
This rpoiiU, ukau in roiiiii-ciiaa witb tba |iliaii«aiea»«f nonalaio opliftt laada toanaMlantaaf 

the Alrpiicth of tlic criiHt. 

CnAHTFK IX- .\r.y. MF Tur. >!ijri'» KxfNA. — TIh' Kr[iiii'i f;uiiin jit ii» ivjif lu.-.tlily ii niutMiiii'il m I.iki' 
1i«i1h corrrlat)')! Ii^' pbynicnl rrlatloaa with the n |i|M'rtiitmt »f th« l^hniitan aud Koniievilli! beilii, 

Tba lhaa% piaviaoily calted latar PUoaana, ia tbia ataawD I0 bava livad lit lata FtoMootaa tlaia. 
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CHAPTER I. 

INTIiODUCTlON. 

Tlii.s volume M a ooDtribution to tlu' Inter physical liistorv of the Great 
liiiniii. As a jr«'0}rra|)liic jimviiKH* the Great Hasin is cliarartcrizftl liy a «iry 
cliinati*, l>v interior <lrainaye, aiul by a peeuliar mountain s\ sti-m. Its later 
history int hides chati'.'es of eliiuate, changes of drainage, volvanie erujition, 
and crvistal displaocmeut. Lako BotmcvUle, thu 8|H)C'ial tliemu of tho vol- 
ttiue, was a phenomraon-of dimfttB and drainagv, but its ctxoploto liutory 
includes an account of contemporaneous erapdon and dwplaoemeDt 

When the work of the geolo|^Bt is finished and his final comprehensive 
report written, the Ktngest and most imi>ortant <li:i]iter will 1m> n]>iin the 
latest an<l shoiie-^t »if the •_n'olti;^lr jM-riods. Tlie chapter will Ik- liiu;rest 
beciiust) the exceptional lullm ss of tlu' ivrord of the latest pcrioil \> ill I'liable 
him to set fortltmoBt completely its i-uiii))lex history. The changes of each 
period-^ta erofiiim, its sedimontation, and its metamoiphism— obliterate 
part of the recoixls of its predecoMor and of all earlier periods, so tliat the 
onler of our kn«iwh'd<re of tliLiu muflt oomtinue to be^ as it now ist the 
inverse order of tlu-ir antiipiitv. 

The greiit iu4M>rtuuc« of the chapter on the latesjt period lies in tJie 
ihict that it will contain the key for the deciplimneut of tlio reeords of the 
earlier. Tlie records of thoBo periods consist ij{ the products of various 
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proc«8808 of change, aud these ])ro(iurt.s are tu Ik- interpi-eteil only through 
a kntfwle^e the pracemiee themflelveik Many of t!ie inw^OMes can be 
directly observed nt the present time, nnd it in by »uc)i obHen-ation, «om- 
hiiu'd with tlu> sttuly of frcishly formcil nnd pi-rfectly prestTvi*! pntdiu-ts, 
that the ifhition of product to jmu-css is k'jinu'd. It is tliroujrh the study 
of the plieiiompiiii of tlie hitest ]H'ri<>d that th«- connection iH twccii jireuent 
proccsscH of change and Uie j)roductji of jmt changes in tHtabhshed 

In view of these coiwderatioiis the Bonneville study hus been con- 
ducted urith a doable object, tlie diMOvory of the local Pleistocene history 
and the diaooveiy ot the processes by which the changes constituting this 
history were wrou^t 

tNTBRiOK BAama. 

In physical geograpliy tiie terms "hasiu" and "drainage diRtrict" nrv 
synonymous, and are used to indicate any area wluch is a unit as to drain- 
age. The basin of a stream is die tract of country it drains, whetlier tlie 
stream is a great river or the most insigiiiticaut trihutarv to a nvcr. We 
thus s|X'nk of the basin of the Oliio aud of tlic liasin of the Mississippi, and 
nay that the latter includes the fonner. Antl it may he said in general that 
tlie hanin uf any brauchiug stream iueluden the basins of all its iributsuieii. 

The basin of a laike is the tract of country of which it receives the 
(bftinage, and it indudes not only the begins of all affluent streams but the 
area of the lalce itself. The term *']nke basin " is also applied to the depirea^ 
sion occupied liy the water of u lake and limiteil l>y its sliores, and vs ln-re 
confusion might arise fn>m tlio donhlc use. t!if u idcr signs'? is usually indi- 
cated by the adjective "hydrognipliic" or its t'<jui\ alciil. If the lake lijw 
an (mllet il.s b:u«in is u part uf thu biisin of the etlhient strenm, but if it ]im 
no outlet its bsidn is complete in itself, and is wholly encircled by a line of 
water-parting. In such ease it is called a vonlinental^ or i«tcrmrt or dostd^ 
or sfttt/, or ihaluh'.sx basin. 

If ail intM'ii)r basin exists in a climate so arid that the snperfit ial t1<nv 
of water, whitli cnu^tiHitf- (b-iiioa're, is (»nly potential juid tif>t actual, or 
else is tK'ea»ional only and not coutiuuuus, it contains no pereiniial iak'? 
and is eailed a dry basin. 
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Tlio ImtiTuLiiiiw scpiirntiii;; luisins nrv water-partiiiffs or (Uvi(]p.M, and 
tlie."**' art' <•! nil i li.ii ti r<. TriMii tin- iiciirc civsts of" iiiouiilain rnii'jcs to low 
rolls uf thf jilaiii scanciy (iis4H-niil)li' In the i;yt\ liikTlor I)asiii8 are i-t>iii- 
pli-tcl y encinJvd by line* of wnti'r-inirJiii«jf. 

The existonre of interior Imintt dqieiidH on two conditionfi: a Kuitahle 
to|Hi;rni|)lii«- confi^Miratioii tUMl n Hllitablo rlimato. 'riu- ordinary proci-sH of 
laud srulptiin' l>y niiMiiii;.^ water docs not [irodiico cup-like biutiuit, but tends 
on the «'i>Htrary to tilml"<!t tlicni. Wherever a fo]n»<rrapliic cup exists the 
streams How iuji; toward it dejM»hit within it their h»ads of detritus, and if 
tliey are antngtiniiefl by no other agient eventually fill it. If the cup con- 
ti^ns a lake witli outlet the outflowing stream erodos the rim of the ba«n, 
ami eventually the hike in completely drained. 

Tlie work of streams occasionally produces topographic «'ups by the 
nipid fonnnttitii nf alluvial deposits where two stivams nu-et. If tlic ]»owcr 
ol one stream to <lcjM>sit is ■i-reatly increas« ii, or if the ]M>wer ot tht* oilier 
strcjun to erode is greatly diminished, the oiw may Imild a diun athwart the 
course of the other and tlius produce a lake Imsin. 

The great agent in the production of lake Imaiinfi, or the agent which 
hu.s produced most of the large basins, is diastrophism/ and in a majority 
of the cases in w hich basins are partitioned oH' bv the alluvial process just 
described, the changu in tlio relative power of tlie strearas is brought about 
by diiWttruphisui. 

Odier boaU'^nning agencies are volcanic erui)tion, limestone «inks, 
wind waves, dunes, land slides and glacien. By far the greatest number 
oi topographic cups are due to glaciers; but with these we are not now 

OOncerued. 

The basins of ordinnrv laknq nre distiiirriiisliod from interii^r Knsins bv 
overflow, and that ilept-ads on climate. Tlie rainfall of each tiiisiii is or 
may Ixj dispnsetl of by three processi^: first, evaporation from the soil aud 

- 1 1 flml It advantiCMiaa to Jbllow J. W. Pnwcll In the HM «f ikuiropUm tut u ki'iktsI (cna Sir 
tbo priK-ron or procfMrt of defomiMlou of tlin enrrli'a ernct. Tbe jirtMluctfi nf <linHtro|iliiiiin are eonti. 
Dcnrs, plutrnns nnd mnnntainx, nrnsn ImnI* an<l vnllcyH, fmtlf* nii<l fnlilii. Dio.'iinipbisiii i« coonlfiuito 
with volranism, and in the oynonvm of <ll»/tlncemtHl and Hitloration in thv mnro gHlvrfti of tha tira 
gec>l<>|;ir meaning" ar<|iiirfil l>y rnoli ot (Iiom^ wonla. IIh atlji-clive in dlntlrofthic, 

U is I oumiirnt nlwi to diviilii cli(wtr<i[iln>tu into on>g«iiy (mouiilitin-iiiakiiiK) aiifl <*]>i ir(>i;i'ny 
(oonlinrnl inakiuK}. Tbo words e^rogeuji and cpeingeuie on dotiDcd iu tbc »iH!4iia£ pursgrnpb of 

«iuw«vvin. 
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fnmi the vefjetation supported liv It; socniid, cvaiKH-ation fni?n a Inkc -^nr- 
farc; third. rnttfl<iw. If" the riiinlaU is Kuflirii'titl y Muall, it is n tiii ni'd 
to the air bj evapoiatiuii )ix»ii) the soil and vi'gt'tiitioii, and tiio hasiii is di-y. 
If it M namewhat lai-ger, the portiiHi not iliroctly cvni)orAte<l accumulates in 
the lowest fleinvsanon, fonniug a lake, fmin tiio HUifaco of wliich e\t»|mnition 
i» morv rnpicl Tlie area of the lake Aurfiu« w rlbtennhu-d liy the area of 
the ha>*in, tlie lainfall ami tlic hu-at rati»s of evnpiwation. 'I'hi^ !)asin i» 
clost'd so h>})>r na a hike siifKcicnt fur the jiurposc of <'\ }i|MH-ation ihM's not 
re(|uire mu-U an extent as to cause it to di.schar're at tiu' lowest point of the 
rim. The area euelowed by a contour j»Jis.sin^ throuj^h tlie lowest point 
of the rim, the total area of the basin, and the local climate are the three 
factors which determine whether a given topo«rrapliic cup shall constitute 
an interior basin. If tlie area of a topo<rrap]nt nip and tlie area nit tlie 
maximum Inke it can contain arc in identical, it may constitut(^ an in- 
terior basin in a rep^ion of huini<i climate. If the contour thron^rh the 1o\v<>8t 
poiut of the rim euclosieH an urea very small in comparison witii the entire 
beein, the mainteiumee of an outlet is not incou»istent with an arid climate. 

If there were no enwion and sedimentation, unchecked npheaval and 
subsidence would preatly multiply tlu' numlM-r of l>asins. On the contrary, 
if all displacement six mid cease, and the foundations of the earth become 
stable, erosion and Hediiur ntatioii would mer;re all liasiiis into one. The 
actual state of the earth's surface is therefore at once the result and the 
index uf the coutiiiuuus conflict between »ubterranejm fui\-e« on tho one 
hand and atmospheric on the other. The two processes which destroy hsp 
siuD are conditioned by dimate. In an arid bemn the inwawhiiig of detritus 
is slow and there is no outflow to corrado tlie rim; but with abundant rain- 
fall the nccmmilatiim of detritus is rapid and corrasiou crm.spires with it to 
diminish the iiit cpinlity bctNvcfii tenter and rini. In ariil reyioiis, ther<»fore, 
the furmative sulnerruneiui tones are u.suidly victoriou.s in their couhict witli 
tlie destructive atmospheric forces, and as a result dosed basins abound; 
in humid regions the destructive agondes prevail and lake basins are lare. 
In the present gcolo'/u- nis<: it i> in > -:irv to restrict this p-enendization to 
lands in the lower latitudes, b«'cause the <.daciation of the last <;eohifric period 
fffiitcd an inunens4> imrii1»er of lake b.tsin- in huniiil re^^ions of hiirh latitude, 
and ruuuiug water lias m yet made little prugix^sH iu their destruction. 



imPOOBAPHt OF TBB GREAT BAS]|r. 



5 



THB ORBAT BASIM. 

Tlte major part of th(> Ni >rth American continent h drain«d by streanu 
flowtni; to the ocean, hut then- aiv a few reatrirtod arwus havin<»- no out- 
ward ilruiiia'xc. 'I'lir I;ir'j'<"<f of t!»f»s«^ was riillid bv I'^ninonf, first 
arliieveil an a(l<'([uati- conception ot its ciianu-tcr anil extent, the '(jreat 
Bsittiu," and id »till uuivcrsully kttown by that name. It U nut, :i.s the title 
might suggest, a fting'Ie cu]>-shaped depression gatliering its water» at a eom- 
mon center, but a broad area of varied «ur&ce, naturally divided into a 
large number of hidepond< nt (Irainajje th'stricts. It lies near the \vei<t«rii 
martfJn of the continent and is embraced bv rivers tribntarv to the Pnctiic 
Ocean. On the north it is iKunided bv t!u' <lrniii;tLrc hu^iin of the ('uliiiiilHii, 
on tile oast by tluit of tin; Cid«>ratio ot tlie \V t;st, and on the west l)y tiie 
baaina of the San Joaquin, the Sacramento, and numerous minor streams. 
The central portion of the western water-^parting is the crest of the Sierra 
Nevada, one of the greatest mountain masses of the United States, and far- 
ther Houth hiffh mountains constitute much of the l)otindary. The tiorthern 
half of the eastern bmiinlar\ is likewise biirh, windin-^ tlironirh the rcLnon 
of the High Plateaus. I he n niainder of the iKUtndary «loes not ti>llow any 
eontinuous line of upland, but crosses mountain ranges and the intervening 
valleys without being itself marked by any consptcuoua elevations. It is 
defined only tlux>ugh a study of the drainage. Tlie general form of the 
area, as exhibited on Plate II, is rudely triangular, with the most a<'nte aiifrh" 
8*nitlnvard, The extivnn Ii iio-lb in n dirccrion soint what west of ni»rtliand 
enst of south is about XhU miles, tiie extreme im-adth from east to west, in 
latitude 40*^ .'JO', is iu2 miles, and the totu! area is ajiproxiiiuitely 210,1)00 
square milqs. Of political divisionx it includes noariy the whole of Nevada, 
the western half of iJtah, a strip along die eastern border of Califomia and 
a large area in the .southern part of the State, another larpfe area in south- 
eastom Oro<jr<in, and smaller portions of southeastern Idaho and southwest- 
em Wviiiniit^r. The southern npex extends into tiie territory of Mexico at 
the Itcail ot tiie peuiiusula ot Ij>wer ( 'alifurnia. 

The region is occupied by a number of monntaJn ridges which betray 
ayit^ by thw parallelism and by thdr agreement in a peculiar structure. 



€ 



LAKE BONNEVILLB. 



Their g«nerat trend h northetly, inclhiin^ eastward !q the northern part of 

the ba»in and westwanl at the soath. T\n^ iiidividiial riilfft-s are usually 
not of jrreat k'iijj;th, and they are »<o dispont-d eii hclon that tlic trft\ clcr 
winding aiuong them may travei-se the Iwisin t'nun <'ast to west witht»»t 
erosuDg a moimtaiu laum. The ty{H> of Rtmctiire is that of the fauhed luono^ 
dine^ in which the moimtam ridge is prtKluecd by the uptilting of an oto- 
genic hlodk from one side of a line of fracture, and it haii heen named (from 
tlie r( 'LiidTt) tlie Uasiii Uaiif^e type. It.s distrihutioii, liowever, d<M's not < (mi- 

]H rt( rtl\ witli tli(f district of "interior di .iir;;i-v. On the one hand tho 
(irt'Ht lln-in incliuli > alon^.'' its eastern mar<;in a portion nf tlie I'hiteau 
proviuee, wiiii its pei-uHar siructund tyjK!, and on tlie tilher ilie UaHin liunge 
province extends «otttiiward throu<j^h Arixona to New ilexico an4 Mexico. 

Between the ranges are smooth valleys, whose alluvial slopes and iioon 
areboiltof iJie ddbris washed throu<,di ni:iiiy a^es from the inuni)ta!i)8. In 
general they are trough-like, hut in jdaces they coalesce ami assume tho 
chamctcr of plainH. T]tc ])lMin-< of'cn]t\' iti ^'■i iienil the less elevat<'d i-cffions, 
when; all i xci jjiittiial amount ol detritus has hi;eii accumulated. In the local 
tenninulogy they are called deserts. The largest are tho Great Salt Lake 
and Carson deserts at the north and the Mojave and Colorado deMerta at the 
Boutk The Escalante, the Sevier, the Amargosa, end the Ralston are of 
suhordiiiatp i)nportance. 

Where the basin is brnnflost, the ir<Mier!»l » I<'v;)fiiiTt of its lowlnnds is 
about r),(>0() feet, but tliey air somewhat higher midway l)etw('en the eastern 
and western nuirgins, so Uit to sepuratti two areaii of relative depression, the 
eastern marked by tlie Great Salt Lake and Sevier dv(ierts» Aud the western 
by die Carson desert. Southward there is a gradual and irregular descent 
to ahout aea-Ievel, and limited areas in Death Valley and Coahuila Valley lie 
lower than the surface "f tlie <M-e;m. 

The ari<litv of the region is siiown iuslrumeiitallv bv the n-conls of 
rainfall and atmospheric humidity. On the bruad ]ilain bounded eat^t and 
west by the Appalachian Mountains and tlie Missiissijipi River, 43 inchee of 
of rain falls in a year. On the lowlands of the Great Basin there falls but 7 
inches. In the foimer region the average moistuie contt m ^if the air is (19 
per cent of that necessary for saturation; in the lowlands of the Great 
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Basin it Ls 45 per cent} From the tturfiMW of Lake Michigan evaporation re> 
moved eaeh year a layer of water 23 inelicB deep.* The writer haa estimated 
tlutt 80 incUeB are yearly thus removed from Great Salt Lake,* and Mr. 
Thomas Rumell has comptitcd from aiiDual iiH^aiis of tinnpenituii', vapor 

tt'tisioM, !Mvl velocity tliat in tlic lowlaiuis of thv (oi-;it l?;isni tlic Jiii- 

ntial rale >>t i n a)Nirution from wau-r tsurfuceti ranges from tiO iuvhus at tlie 
uurtli to l:')t) im-lieii ul tlio suulli/ 

The variation with latitude exiubited by the evaporation Ir found aho, 
inversely, in the rainfall, but is not clearly apparent in the hmnidity. In 
tho soutlu'ru tliiixl of tlu- Hasin t\w lowlaiul rainfall raiiffc s fnnii 2 ii> r> inchee. 
On tli« lint! of tlie CiMitnil I'at ific Hiiilroad, iH-tivecn the 4()tli and 42d |»ar- 
allel«, it iivt'rajff.s 7 im-lius; in tlt<> < Jn';j;onian ann at t\w nortli, If* inclic». 
Tlie average lowland jirt'ciiatation for the whole area is between (j and 7 
indiea. Widi the relative hnmidity approximately eon.stant, the evapont' 
tion rate varies directly and the rainfall inversely with the temperature, and 
both latitude and altitude lieix' make the lowland temperature fall toward 
the nortli. Tlie Hynipath y of rainfall with temperature is likewise >«lii iwn in 
the greater piTeipitatioii of the mountains a.s oompared u itli :idi,if eiu \ alli x s. 
Mountain stations proper an; wantiu}^, but rain-gaugt* returds on the tiaiiks 
and in tlie pames of lauuntiiinit show a marked advantage over those iu 
iiMghboring lowlanda. An estimate based on these, on the records at liigh 
points in the Sierra Nevada, and cm appfrozimate knowledge of the lieights 
and areas of the mountains and plateaus of the Gix'at Basin, places the 
averaj]^ preeipitation for the wlmlo di-;fr!«'t at 10 iiit lifs. 

The story of climate is more eloipjently told by tiie hydrofyi-ajjhy ;iu'l 
Uic vegetation. In the valleys of the northwestern arm of the basin tiiere 
are nnmerous lakes, drainlesa and of varjnug extent, but fed by streams 
from mountain ranges of moderate size. In the middle re^pon the only per- 
ennial lakes are aiisoeiated with mountain masses of the first rank. Tlie 

'TbcwT li;;un^snnd llmw in lh« iilrcPiliiHJ urntvurc* aro bii~ <l on djita li il liy tlji- U S. Sig- 

nal 8er»icr. Through llir r«iirlt'»y of Grii. A. W. Gru-ly, I'ljii l Signal nfflu r, tijc w ritir Iiu.h li.ul 

■OCMIt to IIM'M |>I li.tta as VIMjtill 

•D. Varruiiil Hciii}. Ill a ii'(w«it uli lln' i>irUH«t(»l»g>' «l' tlu' I.iJiiri-iiliuu lakcv. Kept. oC Chief of 
EugiiiL-em lor tin vr.ir WaabiliKtiil). li^VJ. p. aCO. 

'Keiwrt OD tbc lands of the A>id Begkiu . . . , J. W. Pvw«l), itd mU, WMkiugtoo, USt9, p. 73. 
•MS. Mgntt im the OUcf Signal Ofloar. 
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gmt Sena fimmng die wMtern wall of the liAsin receiv«8 each winter a 
heavy coating of mow — ^die greater part on the nde of the great Califomian 
valley, hnt enough east of thw waU'r-jiartin^ to iiiiiiiitAjn a line of lakes in 
thf marginal valley-* <>♦" the Great HuHiii. Tlu* Wasatt h range and its asso- 
ciated jdateanw, overlookinrr tlie Hasin fn>n> tlie east, are Icss f;n .ncd than 
the Sierra, Init still iveeive an iin|»<ii-taiit jm-eijiitatiiMi, and l>y gntlieriiifi; the 
Uniiua^' from a large, area, support Great Salt Lake, the larj^est tif the lia- 
■in's water ahoets. Tlio F^ftt Iltimholdt Range, standing midway, and one 
of the laigeat mountain maseeB jnrithin the bainn aiipa, catches enough moist- 
ure to feed at «>ne base two small lakes and at the other the Humboldt 
River. Tlie neighlKtring and -innller motiuMins jire whitened every winter 
l>v snow, a large shan^ of wliit ii either eva|iorates without meltintj or, if 
raeltetl, is ahsorhed hy tlu^ soil, to he returned to tJie thirsty air withi>ut 
gathering in drainage ways. .Many of them are withont perennial streamfl; 
some even lack springs; and of tite mountain CTcoks> few are strong enough 
to reach the valleys iiefore sueeninhing to the nivenous de.sert air. The 
Hundxddt itself, though fairly entitled to the name of river, dwindles as it 
goes, sn tl);it \\< r'eiiiiiaut ;tfter a rours*^ of two litiiidrrd mile-; tv a}Av to sus- 
tain an evajxn-ition lake lian-ly twenty-five stjuare miles in extent Most 
of the small closed basins are without permanent creek or lake, containing 
at the lowest point a playa or "alkali flat"— a hare, level floor of fine saline 
eardi, or perliaps of salt, over which a few inches of water gather in time 
of storm. 

In the southern half of the lijusin there are no Inkcn de]M>ndenr for their 
water on tin; interior range.s. At the east the most soutli<'rly lake is fSevier, 
in latitude 3!>°; the liuit of the lakes MU^tained by the ^ierrn h Owens, be- 
tween the 36th and STth parallels. Then for tlu«e hundred nules evapora- 
tion is BU{n'eme.- Playas abound, streams are almost unknown, and springs 
an rare. Death Valley, with its floor of Salt H[)read lower than the surface 
of tlie o< »'a!i. !■< riverh<(>k('<l on ('ithcr siMi' \y\ mountains from .'i. 000 to 1(),(H(0 
feet high, Imr tin y yii lil ir vm llnwiiiL;- -tienm, and more fliau one tmveler 
Itaii jyerished from thirst while endeavoring to puss fn»m spring to spi*iikg. 
The Mohave "river" is a hundred miles long, but it preserves its life only 
by concealment, creeping through tlie gravel of the desert and betraying 
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its existence only when; leUgtiH *»f rock athwart ixx. course force it to the 
suiface. 

Aft in othffl- desert regions, precipitation here reaiilts onl^from cyclonic 
distarbanoe, eidier broad or local, is oktremety irregular, and is often vio- 
li nr. S<M»ner or later the "doud-burst" visits every tract, and when it comes 
the hn-al (h"aina'rc'-wav tlis<'haiycs in a few lumrs more w ati r tlmn is viehh-d 
to it bv the ordinary pm ipitation of many years. Tlit- delti<,'e scours out 
a chaiuiel which is far too deep juhI broad for oixlinary needs and which 
centuries may not suffice to ei&ce. The abundance of these trenches, in 
various stages of obliteration, but all manifestly unsuited to the every-nlay 
conditions of the ciunitrv. iias uatumllv led many to believe that an a;;e of 
excessive rainfall has but just cease<l— an (ipintnn !u>t rarely a<lvanced by 
travelers in t>tli('r arid rf^nmis So fur as may be judjred from the size of 
tile rliaunels dniininjf small catciunent basin.s, the rare, brief, paroxysmal 
pi < > >]>itation of the desert is at least equal while it lasts to tlie rainfall of the 
fertile plain. 

A line of cottoiiwoods ronrlcs tlio course of each IMin,' sti-eam, but 
otherwise the hiwlands aiv treeless. So ai-e most of the alluvial foot-slojjes 
anil some of flic smaller mountain.s, (*s]H>< i;d!y at the sr>iit1i Kx<fpt on the 
hi<j:li |)iateaus in c«'ntral I'tali, there is little that may ix; called toivst. The 
greater mountntns have mucli timber in their recesses, but are not clothed 
irith trees. Tho growth is so irregular and intetrnpted diat the idea of a 
tree limit could not have originated Hero, but it may be said that only the 
straf;;,diug buKh-likc cedar passes below (;,000feet at the north or 7,000 feet 
at the south. Onh' cuniff>?'s arc nf" sttt-lt size mid abirtnlanc*^ as to have 
economic imjjortance. Oak and loajile <riow conun<aiiv as bushes, forminj^ 
low tliieketH, but tjccasionally rank as small tJX'cs, alonjf with tin.' rarer box- 
elder, ash, locust, and hackberry. The characteristic covering of tlie low- 
lands is a sparse growth of low buidics, between which the earth is bare, 
exc( |itiii;,r scarteml tufts of gras-s. Towatvl the north, and especially on the 
higher plains, tin- ;.na'*s is naturally moif abundant and the bushes occU]iv 
less sj»ac-e, but the inn (Kltu tion of dotncsri*- lu>ifls favoiN the a.scendencv of 
the bushes. At tlic suutli tlie bushes are panly of ditierent sjjecies, and they 
are partially replaced by cactuses and othor thorny plants. The playas are 
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bBre of all vegetation and ara usoally niiirgiiu'd by a "growth of aalt^loving 
shrabe and gnuwes. A single aouthem bush bears leaves of deep green, but 

with this c'xct'ptiou tlie desert plants an' {rivv, like the il« si i t HoiL These, 
unci t)ie persistent haze whose f^rey veil deadens all the lanflseaj)e, weary 
the ( VP with tlieiv i!i<>nnti>iiv, si> tlint the vivid 'j-n-en niarkiii<; the distant 
»priug is wek'unie tor it^ own siike as well as tor the promitie <il reli'csiluuuiit 
to tlie tlufsty traveler. 

The causes of this and eUtnate lie in the geneial circalalion of the 
atmosphere, in the currents of tlic Pacific Ocean, and in the configuration 
of the bind. Thei-e is a slow aerial drift from west to east, so that the air 
coniinfj to tlic Basin has previously traversed a portion of the I'acifie, to 
which its, tenijierature and Inunidity have Imm iihh' adjusted. Off the west 
coast of the United States ttiere is a sonthword cum^it, believed to be tlie 
chief branch of the Knro Sivra. Prof. Oeoige Davidson' estimates its width 
at about 300 miles, and finds that its temperature rises with southward 
advaiu-e only one degree Fahrenheit for each degree of latitude. Being 
derivi rl lii»m a north-niovin<»' eurrent, it ix*ar)ies our eo;>st wit!: a teni|x*ra- 
tinx' liijfher than that nonnal to the latitude, >\ liil<- at the soutli its tenij>era- 
ture is below the uonual. As pointed out b} Dutton,' the air passing from 
it to tlie land at the north is cooled by the land and precijHtates moisture, 
while the similar air^eurrent at the south is wanned by the land and con- 
verted to a dryiu},' winil. Tlie (ireat liiusin falls within the infiutttce of the 
drying wind, its southern ])art bein<^ yuon- affected than its northeni. At the 
extreme south and the extwiue north the im lUiUain-^ Uptween the oeean and 
the Basin do uot greatl}' intcrleix; witli the eastward How of air, but between 
latitudea 85** and 41^ the Sierra Hevada farms a oontinuoiiB wall, rarely leas 
than ten thonaahd feet high. In rising to pass this obatmetion tlie ab loses 
much of itH Htored niointure, cfipecially in winter, and it deMcends to tlie Basin 
with diminished humidity. Tlie Hasin is further influenee<l by deviations of 
the Jiir-eiirifiits fnnn tho oastwanl direction, and its southern ]»nrt f:dls in 
ainuin(;r witiiiu tlie zone of calms theoretii-allv due to a descendiiij; current 
at the margin of the uorthcni trade-wind; but observational iLita are too 
meager for the discussion of these &otois. 
iLattwtolluiwiiln'. 

•CMMiir ikaAM CllBwU of th« wertmi pnttai of tlw V. 8h Ca^i. C. & DnMOtt: Ah. Jour. 
M., 34 Mr., VOL tt^ p. MS. 
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'File Rfditlieni portionK of Arizoiin and Now Mexico and tlie wesiteni part 
of Texas renemble tlie Great Baam in climate, and they contain a namber 
of mnall intoriur bamiM. Tliefle are not so fully determined in extent aa the 
Great Basin, Ixit ni'voriil of tluMn may )k> approximately indicatt-d. One of 

the Inrfift'st lies iM-twi-cn tin- l{io ( Jnnuki and its i-astt-ni brandi, tlu- I'wos, 
extiMidiiiy from Intltinlc in rt>ntral Nl-w Mfxico to latitude in west- 
ern Ttfxa». In its iiroiulest part it is liounduil on tlie west liy tlie San An- 
dreas and Organ Mountains, and on tlie east by tlio Sacramento and Ouada- 
lonpe. Its areai of which two-thirds lies in New Mexico, is about 12,500 
square miles. Southwest of the Bio Grande, in Mexico, there is a larger 
tract of interit»r dmiimg^, contaiiiiii<; a num)M>r of saline lakes, and to one 
of tlioc, Lake (Jnznian, tli.- \;il!r\ nf tlic MhuIucs l!i\cr i«f Xcu- >Texi«'0 
descentis. Other basins adjaci-nt on either side to that of tlie Miml>res are 
believed to bear the same relation to lake Gasman, 8lu]»iiig gently toward 
i^ but contributing no water mdess dm-ing periods of rare and exceptional 
storm. Yet otlier basins widiout exterior draiiuge are eoutiguoias to these, 
and nnite to form in sonthwesteni Kew Mexico an arm of the Mexican 
distrirt lif iiitciior ilniiiniL;!-. tin- ;ir> a within New Mexico ]mi1i,i]il\ fnlling 
betweetJ i,UiM> and T.'iHO Mm;irf miles. North nt' thi--, jiml iiiti'isrricii rcn- 
ti-jdly by the lU3d meridian and tlie 34tli parallel, lies a smaller liasiii, iiu-iud- 
ing tlie t>bun of San Augustin. Its area is about 1,800 square miles. In 
southeastern Arimna a slifrhtly smaller basin lies between the Caliynro and 
Dragoon Mountains on tin west and the llnali^o and Chiricahua Mount- 
ains on the east, incliidinu tin- 1*1, lya »le los Piinas. Another and still smaller 
basin is known to exist in the llimhipi V;ill( v of northwestern Arizona, ntn 
it is probtdile that othei-s occur in the western part of the Ten-itory, iHith 
north and south of the Gila River. When all have been deteiTnined and 
measured, it is oetiinated that tlio total area of the interior basins of tlie United 
States, additional to the Cjreat Bosin, u ill Ix" found equal to 25,000 square 
miles, iiiaking the grand total for the I initial States ahoui 232,000 Square 
miles — the thirteenth part of our territory. Mexico contains other itilniid 
districts besides the *»ne mentioned above, and the total area in that coiuitry 
may be one-third m great as ours. It id probable tliat the rtinminder of the 
oofittnent drwns to the ocean. 
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Laige as axe theae diatricte, it ia ii«Tertliel«s8 trae that Nordi America, 
aa compared with other oonthienta, ia not ehantctoned by interior drainage; 
According to data compiled l)y Murray, tlio cloned basins in Atistmlia aggre- 

gnU^ ~>'2 per cent of \U area, flntsc of Africa 31 per <-<Mit, f»f Eurasia 2H per 
cent, of South America 7.2 per< « nt. of North Anierica 3.2 per cent' The 
Gmit Bujsiu iri ^X'at only iu conipuris4)n with .similar distj-ictii of our owu 
continent The interior district of the Argentine Uepublie and Bolivia ia 
half aa lai^ agaiA, and that of central Australia exceeds the Great Basin 
aeven tim > : >ahafa exceeds it aixteen tiines, and the interior diatrict of Asia 
twenty-three times. 

HISTORY OF INVESTIGATION. 

Tho IiistorA' of tlie early {feo-rmphic explonition of thf fln nt Bnsin has 
been caix'tuliy detailed by >Siju]>!4uii in the introduction to tiie re|K»rt of his 
own expedition. Iu 177(i it was penetrated by Padre ICsc^ilante from the 
southeast, and about tlie'aame time its southern rim was eroeaetl by Padre 
Grraces, bat it does not appear that they discovered tlie peculiarity oi ita 
draiuiif^e. Fr<Ma alxKit 1820 to 183") the northern and broader j>ortion of 
tin- b;l^in WMH j^nduallv e.\ph»retl bv Iinliaii-tradei"s, wlio irnnicil of tho 
exi>li in (■ (it uiidniiiH tl lakes and passed tlie account from mouth to mouth, 
but made n«> mn]w and published uo accounts of their dl!>eoverie.s. Capt 
Botineville, an army officer on leave, traveling in the interest of the fiir 
trade but with die spirit of exploration, took notes of geographic value 
(1833), which wore ])ut in slia]>e and published after a lap.-<e of some yeara 
by Wa.shinfjton Irviiip, nml liis map is ]»robably the first which rejiresents 
interi<»r diniii!tt«-r', ^^ Iiile Ii \ luff's account was in press, Fremont was en- 
giiged iu hi.s justly celebrate*! cxjdonition which atlorde<l to the world the 
first' dear conception of tlie Iiydro<,n-aphy of the region * Since that time 
numerous oxpeititions, public and private, have contributed details, so that 
now the external boundary of the Great Risin is well known except at the 
extreme south, and its internal coiiRgnnition has been described and mapped 
throujfhout four-fifths of it.s extent. 

' 'fh« total annnnl raiufaU of tlie latxl of the globe, niiil the relation of rninfull tit the auanti dia- 
clmrj(« i>r rtrrra. tty Juliii Miirrny. Scotliiib Grog, Mttg. vol :i, j>i>. ♦i'V-"*. 

'Bapurt of tlw Esplotinf Bspodktioa to tbe Boeky IfoanUina la tb* year IStt wad Ut Oragoa 9Uk 
Iteth Odilbnl* ia tte yun UNS-'M. lor BmtcM:!**. X 0. PfHnont. VinhtastaB. IMS. 



STANSBURY ON ANCIENT SHOKES. 



Our knowlc*^ of tlint liuustriiie liistory to wlncli tlie present volume 
is a contributidn iH-sriiis with Sfanshurv. Fremont, fiiidin-y a liiu* of di if't- 
wooJ it ft?\v leet aixtvt" t\w \vat«'r of Great Salt Lake, ini"en-e<l a Miitall varia- 
tion of lt» levfcl, hut apjii-ui-s to have overluoked the ancient slioru-liued ter- 
racing the monntaiuB romid about He described the coating of tufii on tbe 
valley Aides near Pynuoid Lake, and tlie thouglit tliat it migbt be a lacuat- 
rinc depo:jit oocurml to liim^ but was deemed inadmiainble on account of the 

thickness cif (1h- fi»ni:at;i>n. 

St;nisliiu \ ill I s 111 and l^.'iO nuule an elaln>rnt*' survevof rJrcsU Salt 
Lake and its vicinity, meandering its shore, th'termining its depth i)y u ^^^1VU1& 
of floundinga, and controlling lu« work by a aygtem of triangulatioii. In 
bk itinerary, while describing tlie plain where now atands Lakeside station 
of the Central Padfic railway, he aays: 

This extensive flat appears to have formeil, at one tiiue, the northern portion of 
the lake, for it ia iion° but siightljr above its {troaent level. Uimn the slope of a ridge 
eooneetfd with this plain, thirteen diafiiiet aneeeiisfTe benebeB^ or wateMuarfca. were 

ooiinteil, wliich 1i;h1 o\ iilciiily, at one time, ln-i'n wiishpd b> the lake, ami must have 
been tbe result of its action continued lur some time at encii level. The highest of 
these is now about two luuulreil feet above tbe valley, which has itadf been left by 
tbe lake^ owing probably to gnulual elevation occasioned by anbterraneoas causes. If 
this mppoaition tie correct, and all appenranceM conspim to anpport it, there must Iinre 
been hert" at some i'oriiHT peiiod ;i vast iulaiul xoa. i-.vt('iuiiii<,' fur hiiiMlii'ds (if inilrH; 
and tbe isolated mountains which now tower from tbe flats, fomting its western and 
soathwestaro aborea, were dmibttesa bage ialauds aitnilar to those whiob now riae 
ftom the dimiuisheit wateia of tbe foke.' 

One of his sketches of Fremont Island, repnHlueed in a lithograph 

faring'- p:ij,''i' 102 i»f report, exliilnts temices of the s^inie srvrt, an<l ho says 
in' another phice tlial tlic islaml. wiiii li i-; "Ht least 8UU or UOO feet iiiffh," 
prestiiittid "the a2)2>earanco ot i-ej,'ular i>eaches, l)ouude<l by what seemed 
to have heen well-defined and perfectly horiaontal water-lines, at different 
heights above eadi other, aa if Uxo water liad settled at intervals to a lower 
level, leaving tlie marks of its fornter (;l(>vation distiuctly traced Updn tlie 
hillside. Tliis continuetl nearly to the summit, aud waa most ap|terent on 
the northeasteni si<le of the island."" 

' Exjilitniliun nad Sorrojr of lb« Valtoy of the QrMt Skll Lake of UUfa, . . . . UowakI Stan*' 
httj. Cspt. Top. Kng., Fhilftdalphim, UUa, p. lOG. 
•nid. p. ISO. 
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Uockwith, who led a geographic expeditiou across the Great lia»in iu 
1854, makes the next advance in the description of die laenslrine phemom- 
etM, m)d hU contribution is bo important diat I quote it entire: 

. The qM Kborn liuea existing In tbe x-iciiiity of tin* Great Suit Lake piccmit an 
iiitefeitting stody. Soute of tliem am «kv«t«ii tHit ftf«» feet((h>in II v« to twenty) 
nliove the |>i«8eut level of the lake, nud ore fw dlBtioGt and aa veil clefliK-d mid pre- 
(tiTVfd nx ilM i»re«etit b€'iu !/('s; iiud StniiHlM(r> siK-aks, in tin- Itt'ijort of his explorutiun, 
|MigeH 154-lOU, ut drill- wood still existiug upou tbusc buvitig uu elevatiou of five feet 
ttbore tbe lake, wblcb nnnibtakably tndleates th« vemarkably rooent rwenkm of tbe 

water;* whicli formotl tliciii. M'liilst llirir tiinptiitiidj* and smriothly Troni fortns ns iiiiiiiiK- 
takiiSil.v iiiilicatu iLiu Icvtla winch tin- u.ittis luaiiitaiia-d, at tluii ic-ijnctivti i'oruiii- 
tiaiiK, for vfi.v coiinideriible periods. 

Id tbe Xoilla Vallej, ai. tbe sonlb eud of tlie lake, tbej are eo remiurkaUly distinct 
atid pecaliar in form and pomtion tbat one of tbem, on wbich we traveled in eromlng 
that valley on tbe Ttli (if ^lay, attractcii the observation of ttio least inroniKil team 
ftterHof ourpiirt}' — to «lioni it itppenred artificial. It-teieviitiuii we judged tobetweiity 
feet above tbe present level of the lHl%e. It in also twelve or flfteeii feel alN>ve tb« 
pleio to the soiiib «f it« and \<i Mvenil miles tongj but it w narrov, only affording a 
Bne roRd way, aud is ereierat-formed, and terminateH to the wmt as thoagh it bnd once 
foiriu'd a e.iiie, iirojeetiii;: into tlie lalie from the itiountains on the east— ill miiilainif, 
perbups, not unlike the strip of laud dividing the sea of Azoff from tbe i'atrid aea. 
From tbta bcaeb tbe Toilla Valley aeoenda gradually townnb the aontb, and in a few 
miles beeomes partly blocked tit) '\v J' emss range of inoiintaius, with passages at c'itber 
end, however, leading over qmli^ u» rtinarkable beavbea into what M known, to the 
Mormons, sia Rnsb Valley, in which there are etlU emelt Inkea or ponds, oiiee,doabt- 
leee, foniiiog iiart of tbe Great flalt Lake. 

The reeeiMions of tbe waters of the take fhrai the beachea at theee eomparntively 
»lif;ht elevations, took place, lieyond all dnnlit, witliin a very tuoileni peologieal jwrioil; 
and the volume of the water ot tiie liike al eucli Mdisiikut e — by whatever uiuso pro- 
duced, and whether by p-aduul or R|>aHniodic action — Keeiiia as ]>lainly to have been 
dimiaiebed; for its imwnt toinme ie not anIBeient to form a lake of even two or tbrro 
feet in depth, over tbe area indicated by theae abores, and, If existing, would be annu- 
ally drie<l up dnrin;: the snniiner. 

Tbeee bauks — which ao clearly seem to bavo been formed and left dry within a 
period ao leeent tbat it wwdit leeai impoMjlde for tlie waters whieb farmed tbem to 
have esva|ved into the sea, either by great convultiiouK, ojtenini; pa!«8a};eM for them, or 
by the gradual breaking of the distant siioru (rini of the Basin) and draining them off, 
withont having left abundant records of the escaping waters, as le^ble at least as the 
old abores they formed— are not peculiar to tlie vicinity of Ibis lake of tbe Baaiii, 
but were obaerved Dear tbe lakes in Pnublio Valley, and will probably be found 
m ar otln^ lakee, and in the nnneiona email bnains whi4^, united, Ibnn tbe Greet 
Uasin. 

Bat high above these diminutive banks of recent ilai*-, on the monntainatOthe 
cast, aonth and west^ ami on tbe island* of tbe Gieat Salt Lake, formations are eeeu, 
prenerving, apparently, a aailbm elevation as far as tb« eye can extend— fannatioos 
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OD • iQAgniflfieiit Male, whieb, baatily azaraiood, aeen no teat aiinustak»bly tbau tha 
finmer to iiidiiiaM tlieir abore orf gin. They are eloTnted from two or tbrae hondred t« 

nix nr fi;,'lit liumlrcil fwt aliovp tli*' jircscnt taki'; niiil if upon ii tlioinugli examination 
tiii>,v prove to Ih< uueieiit Bhures, ilicy will |H>rlin|>« ntrunl (lieiiig cusily trami on t)io 
nuDieruii8 uiountiiin.i of tlic liiiHin) tbe uit-aus of detenniniii^ the cliaract«^i' <tf the sea 
by 9'liicb tbey were formed, wbetber an iuternul one, 8nl)S4>qn('ntl.v draiiieil oiT by tbe 
tireakin;; or wearinj^ away of tlie rfm of the Basin— ol tbe existence ot wliifh at any 
time, ill tlio form ot i-onlltiiions rlc^.ilcil tiioniit.ii ii cliains, iliiTi' sitiii.s at |i|-i-Miit but 
little grauuil for believing — or an arm of tbe luaiu sea, vbicb, witb tbe coutineut, ban 
b(«n derated to ito pvcaent poaition, and drained Iqr tbe aneoeiaire atafca ludieatmt 
bjr tbeMsbom.* 

A year earlier HIake exploml fin Colnindo desert iM'tweeii Hmx Diego 
and Flirt Yainn. fintliii^- ninntstakable tN iilcnrf <if its former weiipation hy 
a lake. He observed a siiore Hue, tufa <leposits, and lacustriiK' days, and 
in the days aud tufa, aa well aa scattered over tlie surface of tlie desert, he 
found fresh-water ahells, and a aingle brackiah ahell, Gnathodm. Hie de- 
icription and diMnurion are MI and endnentiy satiBfiictoiy, but his expln- 
natioil takes the lake he dflflCrSbes out of the field of present interest, for ho 
ahovrs that oidy its disapj)earaiice and not itn ori«rin is to he asrribrd to 
dimate. The lake basin was created by the fp'^nvth ol the deha of the Col- 
orado liiver, which was built acrosH tlie Gulf of California, separating a 
pordon of upper end. When the river, shiftitig' on ita delta, is turned to 
the right, a lake is miuntained behmd the barrier, a lake with ouilet to the 
Qnlf, and thereft>re fresh. Wlien the river turns to the left, it flows diiX'ctly 
to the (Jiilf. and the hike is drier] away. The latter is tlie ])resent and lils- 
toric condition, hut occasinnalh' at extn'Hie flood a [I'liiioii ot the river's 
water baa been knuu u ti> tiuw fur many miles toward the «iesiccated hasiu.* 

Simpson, exphtriug for wagon roates in the broadest part of the Great 
Basin, in 1859 ' ohsfo^ed in Cedar and Rush valleys the same water lines 
that had been .seeu by Stanabury farther north; and Ilemy Kngehuaini, 
the geologist of his party, noted n<it oidy shore terraces but lacustnne silt 
and tula oud fresh-water shells. He points out that tlu^ .saltne.ss of tlio 

' Expl«raU«B« . . • hvm tb* BMtli of Kadmm Bivnr, Mo., to tb* Savicr Lake, in Una Qnmi 
B4Min. Kj Lint. B. G. BMkwilh. V^at a«M t* p. 97. la PMM* Saiitoa^ npocM, 9, WMhiag> 

too, IWlTi. 

' (]e<»lii«iMl VmtMt, Igf WHUmb p. BUka. la FheMa Rallmr RciMrtif '*»>• MS, vp-tl-ta, 

936-338. 

'Explorations acrom tbe Urrnt B.i»iii iif the Tvirilorv of I'tnh fnr n ilin-«t iTAj(c>n-mut« ftOM 
Caaf FUffA to Omim, ia Canon VMef, in IflU, by Captain J. U. Simpaoa. WMhinfton, IIBJK 
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Basin lakes is inccmsiHtent witli the prevattmr impression that they jjosfess 
subterraueau outlets, and coinpiu'iug tlieir tVutuer with their pit'sent extent, 
refers die dilTerenoe to diroste. He ai]^eB that the preaent geographic eon- 
ditloiu tend to die diminutioii of rainfell, and that under them the haain has 
become progieeetvely i»«»re and more arid. But tlien^ is nothing in his dw- 
cussion serving to explain the fjix'ater liunii<|jtv nf tlic ]pri (nltii<^ nn^^. 

The re])(ir1s of !^!!n|)s<ni iiiit! I^ngchiiaiin, tluui^'^li prepared in inauu- 
Hcript innnediateiy after the cmiipletiou ol" tJieir exph ►ration, worts not printed 
until 1878, and in llie mean time many obeerrera saw the lake vetttiges and 
wrote upon them. Whitney, visiting Mono Lelie in 18C3, and noticing old 
flhore-lines rinng in a aenea to the height of 600 feet above the water, raimed 
the question — for many years unanswered — wlu'ther the old lake was eon- 
fijifxl tf) the \finui ^'n!l('^■ or < omnnuiieated witli lakes in other valleys of' the 
<ireat Basin, and jMiinted out that whatever conditions produced theancieut 
glaciers of the adjacent Sierra were competent to expand the lake.^ Hay- 
den in 1870 examined the old shore-lines in the immediate vidnity of Great 
Salt Lake, correctly correlated tliem with lacnsttitie deposits at various 
points, showed their recency as 4'oni])ared to the Inter Tertiarv' heels of the 
vicinity, and refciTcd tliem to the (>(i;it( ni!jrv, Uv iilso found shells in the 
deposits, and from tlieir clunacter reco<rnize<i the fi-eshness of the old lake.' 
Bradley, two years later, rec4>gnized the broad terraces flankiiijr t)gdeu 
River and other streams of the vicinity as deltas built by the same streams 
in the ancient lake, observed that flie Ogden delta deposits extended into 
the mountain canyon of the river, and dre^v tho important conclusion tliat 
before the age of the high teiTiK CN (Srent Snlt r^nke wns Tii>t fiir, if n( nil, 
above its present level.' Al»'»at ilic -:iiiie tiinr I'l'ule ma»le additional obser- 
vations on the sliore-iines of tlu- same basin and traced them an far westwjird 
as the Deep Crock Mountains.* 

The observations of Hayden, Bradley, and Poole were ind^ndent 
and original, and by reason of priority of publication they belong to tlie 

>OM>I.Surr. of California, (i. ,>lii>[,v, vol. 1, by J. D. Wbiliii<y. I'liihicl. liiliiii ]i|>. .|.'j|-4.'>2. 

'U. S. G«»>1. Stirv. ol W;<>iiiiii({. . . IpTTO. l.y F. V. Hay.lrn. \\ usInntSon. IHW, pp. lO*. 170, 
178, 175. 

^ KtjiHit iif Fraok II. Bra«!l««j', in V. R. Ow>! Surv. of tiie TiTfituiits li*|>t. for ltC2. Waitbing- 
tn, t!l73, i>\<- ILi-J, 

*Tbe GrcAt Atu«ric»n D««ert, by lUiiry 8. I'oolg: Pros. Kova IteoUa ItMt. N»t. Sd., vol. 3, pf^ 
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histon' of the subject, but, as already imiitKnied, thoy were paninlly nn- 
ticipated by those of Siiu|>»ou and Liij^cliimun, uud wholly uiiticiputed by 
those of King, Hague and Enunons, the geologists of die Fortieth tViranel 
Exploratioii. Tlie W(»k of this corps covered a belt one bundred miles 
broad, spanning the Great ISami in its broadest part, and within this belt 
the Plcistftcc'iie lakfs were studied nnd fm- tlic fir>t tittit' npproxiiiiately 
niapitf<L It \V!<s shossii tlmt the corrui^iitiMl siirf:iri' nf tiie (in-at Uasin in 
tliib latitude is iii<,dier in the middle than at the east and west margins, war- 
ranting a general subdivision into the Utah Bann, the Nevada Plateau and 
the Nevada Basin; that the Utah Badn formerly contained a large lake, 
Bonnevnlle, extending both north and soutli iH'yond the bolt of survey} that 
tlic Nevada IWin contained n similar lake, I^ahontjni, likewise exwed- 
ing the limits of the belt; and timt the vallfvs of the centnd plateau held 
witiiin the belt no letss than eight mnuU Plei-stoeene lakes. The nieehanical 
sediments and dkemical depodts of tlie lakes were studied, and w^ ascer- 
tained to overlie subaeria) gmvels, thus proving- that a dry climate had pre- 
ceded the humid climate of tlio lake epoch; and it was infen-ed from the 
chemical deposits of Lake Lahontao that the lake bad been twice formed 
and twice dried nwny.' 

The fiehl work that athtnied tiiis im|H>rtant i)ody of inlormalion wjia 
performed chietiy in thu yeiinn 18ti7-70, but publication wa» dela}-^^! till 
1877-78. In 1872 Howell and the writer, traveling with topogniphic piur- 
tks of the Wheeler Survey, traversed the Utah Bann on many Hues, and 
our reports, printed in 187-1 and 1875^ contained an account of Lake Bon- 
iievillp, the extent »>f whicli we were able to indicate with inconsidernblo 
en-or, and to which the writer gave a name.* Thus, by an accident of jjub- 
lication. King and his loUeagucs lost tlmt literary priority in regiird to Luke 
Bonneville to which they were fairly entitled by priority of investigation. 

•aMl.Ss^flf UiaMUiFImUbI. Vol l,S|«tMB«tIoaMlaB7,tf ClHBBMKii^ WaaUDgtM, 

tent *> DMffiiitii'* Qwfctr, iv aimm saim ma a. p. EmMM. WMkinsiMi inr. 

■PNMn.flMi. Bart, hj O. X. OniMM» AfpMidim D to rngam Bqil. fixpl. mi Sur. W. of 
tiMlWtklltr. to tm. WMblaglH^ 1874, ff. HM, 

1. hf O. ILOWMit, irwu cr Uko BoBDevQtooDiv. IM-IM. Fkita^ If Edvto B. BowaU, tiwti af 
Lika BniMvnisM ppb I M S 51 . 
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In 1877 Peale observed shore tornice*» iu variooii parts of Cache valley.' 

From 1875 to 1878 I spent each samiuer m Uta]i as a mciii))er of the 
Powell Kun'ey, and found many opportunities in connection \\ irli (ttlierwoi^ 
to c'(»ntinue the ntudv of T-nkr- l^dtuu'villc. Tin's wfis «'«p«>( iiill\- rlic cni^e iu 
1877, when the duty of gatlierin','- iiif(inii;iii<iii as t>> x]\v iri-i^-al)lc laml of the 
buiiiu of Great Salt Lake led nie all uhuiit tiu' uiiupn of the Huh Lake de.sei-t. 
When the i-oqM for westent survey's weiv re«>rg-«iuized in 18?9» I was placed 
in chaise of the IKvision of the Great Basin, with tlie understanding that the 
Pleistneene lakes, previously iuvesti'rateil only Iu an inddcntal way, should 
fonn a piineipal sulyeet of study. I>iite in the season some months wero 
spent in the field, with Mr. W. I). Johnson as assistant; ntid a i'(iti>s wjw 
organized the following year. Of this corps Air. Urael C. Uussell wa« prin- 
cipal assistant, and he remained with tlie work from first to last, being 
assigned indepeiidrait investigations after the first season. Messrs. H. A. 
Wheeler, W. J. McQee, and Gei>. 31. Wright took part in tlie geolc^ie work 
for shorter periods. Messrs. Gilbert Thompson, Albert L. Webster, Wiliard 
T). ,ln!nismi, and Eugene Riekseeker, associafed with the work at varioua 
times as tc'int^n- iphers, and Messrs. Fix'd. I). Owen, .1. H. liernadou, and E. 
R Trowbridge, temporarily attached to iield parties a* general n^siiitauts, 
all oontiibuted to the mapping and illustration of the lake phenomena. 

The field woik of the year 1880 was in the Bonneville Basin, and Itttlo 
was afterward done in that ama. In ISHl Jlr. Russell made a preliminary 
oxatnination of the vesfiges of Lake Lahontan in tlie Neva<la Ittisin -.uv] u( 
the Mono Bjj.sin, and in tin- following spring extended his reeoimais-ancc 
to the lake batiins uf soutlu asi* i a Oixjgoii. I wa.s < ulled to Wiishinjrton ill 
the ^piiug of 1881 on duty .supposed to be temponiry, but remained there 
until the following year, when the work of the Survey, jweviously restricted 
to the westeni Territoriest " exten<led by Congress to the ©sistem States 
also. As the enlargement of field and function was not acoompanio<l by an 
equivalent increase of funds, it became necessary t(» eui-tail the western 
work of the Survey, and it was decided t»» stop the inve»tigatiou of th& 
Pleistocene lake* as soon as this could be done withont great sacrifice of 

■lto|«n «( 1. C Italic In U. a. 0«ol. Burr, of (h* TwriMrfMiHr Isn. WMhiogtoii, im, pp. 
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mnterin! ?ilmi«1v ncqtiircfl Mr. KuHst'll comjjlctcd the stiuly of the Lahnn- 
taii aiul Mniio liy tin* rlnnts of the minou of 1883 Hud then returned 

east I made a single exciimoii in die summer of 188S, dovotiiig a few 
weeks to supplementary ebservatious in the Bonneville, Lahontan, and Mono 
BMins, and visiting Owen^ Valley to examine the geologic features of the 
Inyo cartliquak4\ 'I'hc fxainiiiiition of the more smitherly vnHcyH of the 
(Jn jit lirt>iin, the study of tlie brines an«l «dino «lepoK5t>:, rnid th' (•lM!>t>rate 
nieasuii'Uient of ]><ist-I'leit4toeene dif^phieenients, ai*e iiidetiiiitely det«'m*d. 

The results of the investigation have been l ouiuiuulcuted in u Kerleii of 
rq)orts, eftsays, and memoin. An outline of the Bonneville history was 
published by me in 1882,' and an essay on shore topography in 1886.* 
RussellV ivsuhs have ai>|M>ar<'d in a preliiniiiHrv n>]H)rt on Lake Lahootailf* 
reiTort?! on tlir Orejjon linshis' juiil the Mhiki Basin/' and a monograph on 
I^ake Luliontan* An essay mi tin- rii iHtm-eiie fresh-water <lie1!r< wa?* pre- 
pared and published by (jail,' and one un the jiseudoniorph thiiiolite by 
Dana.* The present publication completes the series. 

' CoMHImtioM m fba bMoiy ol Lak* BmihtHIb : 8MMnd Am. Sapt. V. S. OmI. Sorrcr. Wmk. 
In(lm, 188^ UB4m. 

■The tanMBitphts AaliiiiM ot lika diatM: FlJIh Auu. Bept. U. 8. OmI. Borf«f. WMUogtMt 

kilmaniao tt pit B m — TtP» dttplMMiratsnMraS Id an wiUatm "ThBlamlaatlMiaf Mm.. 
tlia KclM hf Bumplak" ntd t» Dm Aaucfen Sadaty «f NsUnllito Dw, ST. l«e^ nd prisM 
im tha Am. iom. Set., vaL », p|h M^H. A teeilpllm «r Aa JoliitaS atniflitan af tha Baraavilla 
Mawpttalad Imtlw Auk Jaar. tain Id Maik Vat. lit ISSI, w- 

*8kat«b«ft»aOaakKleaimilar7«rUtoI«laiBlu]TbinlAm.Bip(.V.S.Oaal.8ar?B)r. Watk- 

lagtOD. Ir^, |M>. 

•A geological KooaaaiaanaB la Saallnni Oi«fon : Fourth Aaa. Bapt. V. S. OmL Rwrey. Waih- 

iagtflti, \m>, pp. 43l-t64. 

'Quatornary bUtory of Mono Valley, California : Gii;btb Ann. Ropt. U. 8. Gcol. Survey. Waabing- 
(Mi, 1HH0, pp. afil-m 

•GeoIoKiral Riatory of Lake Labontao : Mod. IT. S. Qenl. Hurvey. No U, Woabitigton, VSeb,Yf. 3US. 
Ollo r piililii'.ttiiMiK l>,v .Mr. |[u«mII cnnUtnIng |>or(ion« of tlieMUDa Walaif ■! aW— 

Lakes uf tlir Great iiaaiu: Science, vol. 3, |MS4, pp IfiV-iBS. 

DepoHita ot VolcaDic Diut in tho Great Baain : Bull. Phil. Koc., WoabingtoD, vol. 7, lda!i, pp. IH-aO. 

Kat«iion lite Faiilt««( the On^at Battln. . . . : Boll. Phil. Soc. WaabiogtoD, vol. 9, t^, pp. r»e. 

'i'li.' (Iri-ut IlMiii. In Os-.Tliin l Mmillilv, Si<nf.'«, vol. U, !•<--, pji. & i-H\, 
'On Iho ynattriiiiry mid Iiao«»nt M"lln~r;i of tin' <Jre»t Uaaiii, with ilewriptions ol new forma, tif 
B. ElUwortl: Citll. Intrixtucod by a f^k. iili of tiic QnatanaiT Idkaa of tka Qvaat Badn, ^O.B. 
Ontwri n>ill IT S V.mii. Survey No. 11, 1H84, US pp. 

-ACrvxtjiio^riiiihicStailyoftlMTblsolltoaf LskaLatestMU By BSwm4 a. Van. BaJLC. I, 
Oaol. Sarrey No. IV, Xmi, 90 pp. 
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THB BOKNKVILLB BASIN. 

Th6 Great BmSh compriMB a large number of aubndiaiy closed baeinn, 
eadi dunning to a lake or ])laya. Alx^ut sixty of tlit's^? 4-<iu1(I Ite enumerated 
from prt'Si'iit l<n(i\v!cr^j.n', ami tlu^ full iiunilMT niuy In* litjrh ax <m<' lniu- 
(Irpd. In tlic last fretiloj^i** eiM»< li a more luiniid climate convertecj many, 
or |H'rlia]).s all, uf themi ^jluya» into hikes, aud cularged all the lakes. Some 
lakes overflowed the rims of their banna, heoomiug tributary' to others; and 
the lakes of adjacent basins iu man j instanoes expanded until they became 
OOnfluent. A few of the overflowing lakes dischai^gied across the rim (»f the 
Great Basin, thus beconiiiifj tributary to the ocean, ani] jiuliti artiii;^ tlicir 
catchment basins from thf> district of intt rinr drainage, in tiie remaining 
portion of the district the iiuinljer of independent drainage areaii wd^ reducuU 
by coaleflomce. 

The lai^st of tlie couflaent lakes were formed at tlie eastern and 
western margins of the Great Basin, being separated by thu plateau of 

eastern Nevada. Lake Lahontau at the west Wius fed chiefly liy the snows 
of the 8i( t r 1 Neva4la, Lake Bouueville at tlie ea«t by those of tbo Wasatch 
aud Uinta mouutain.s. 

The catchment ba^in of I^ke BomieviUe compriMti* tluU part of the 
Great Bash> lying east of the Gosiute, Snake, and Pifion mountains of east- 
ern Nevada— an oblong area embracing about five di^rees of latitude and 
three of longitude, aud containing about ')4,(HJ() s<[uaix> miles, or flic funrtli 
|)H!-t of the iin-M of the Great liii.sin. Its wcstcni two-thirds inji\ Ur id x i ilK-il 
as a plain ranging in altituth* fi*om 4,200 to feet aiH)ve tide, and more 

or less inten'upted by short mounUiin ranges tivnding north and siiuth. At 
the north, where tlie monutains are com[Mratively fow and small, the barren 
plain is called the Groat Salt Lake Desert, atid similar open stretches at the 
south are named the Sevier Desert anil the Kscalante Desert. The VHSteni 
thinl is much higher, including the lofty Wa^.itch Range and its dejK-nden- 
cies, the western end of the xtill loftier liinta Hantrc, and the western part 
of the district of the lligii i'lateaus. Sevenil j)eak» of the W«iaatch and 
Onta Mountains rise above the level of 12,000 feet, and the High Plateaus 
culminate near Beaver in the Toshar iidgo with peaks of similar altituda 
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The eastern uplands an" the only imjMirtiUit condensers nf moisture, 
and from them flow a system of rivers whtwe waters are evaporated in the 
salt lakes of die lowlands. Tlio B«Rr, the Weber, and the Ph>vo^ordan 
have their principal w>uroe» m the Uinta Mountdna, and break through the 
Wasatch lliintrc mi th* ir way to Great Salt Lake. One «>f the u|)|ier val- 
lej's traversed l)y tlie Ik'ar River (umtains liear Lake, a body of fresli water; 
and I'tah Lake, likewis*- fii-sh, n'reives* the I'rovo and (Hscfisir«re « the ,lor- 
dan. The tJevier liiver, after tlowin;^ 1;"»(> miles nortliwanl amonjj tlie 
phtteaoa, reeebrea the San Pete Irom the nortli and tlien turns weatward 
to Sevier Lake, the «altne of iJie Sevier Desert 

The eastern nphinds are better timbered than any otluT part of the Great 
Basin. The ujdand vaUeys are fertile, l>ut havin<f a elimat(> too eool for 
agricidture are (Unvoted to {fr.izin;; and maintain only a seant popuhition. 
llie western phiin m infertile by reuHon of aridity, and i» almotit without 
inhabitants. The lower valleys of the rivers, wliero they issue from the 
uplands upon the plain, have a climate raited for agricuttore, are rendered 
fertile by irrigation* and constitute a habitable lone, over which the Mor- 
mon community has spread. 

To undeistand fully the topographic n»lation.s described above, the 
reader should examine tlio large map of I..iike Bonneville (in a pocket 
attached to the cover of this voltune), where the reliefs are expressed by 
contour lines at each 1,000 feet; and also Plate XII, whereon are marked 
the boundary of the Bonneville Basin and die boundaries of the equivalent 
group of smaller basins as they exist at the presetit time. lie will And also 
that the plate supph'tTiciitH the cxj^rcssion ftf tlie distribuliiiii of the tijihinds, 
bv contrastiuff the ari'a ahovf 7,(nH» feet witii the area beUnv; and he can 
leani from it iut>re readily tiian through wonls the relation of the bjusin to 
the political d^vkiona of the country. By turning again to Plate II he will 
see that the Bonneville basin adjoina interior drainage only on the weat; 
its northern rim parts it from the basin of Snak*; River, a branch of the 
Columbia, its eastern and southern from tin' Vjnsiii nf the Colonulu i.f the 
West. The more important strcHfns hendini: ncni- the northern rim iind 
flowing to tlu' tSnake jire the Salt, liiacklVMtt, I'ortneuf, Biuiuack, and Raft 
In the eastern rim rise Black's Fork, the Uinta, and die Price, all tributaiy 
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to the Grccu before it joiiu the Colonidc^ and the Sau Rafael, Fremont, and 
EscBlonte, immediate tributaries of the Cobrado. The Paria, Kaaab, and 
Vii^gen flow to the Colorado from the southern rim. 

CHKONOLOGIC NOMBNCLATURB. 

The pcnld^jic ]i('i-irwl to which the Ikmneville history has heen referred 
haii three namen in gotal t«timdiug, Quaternary, l*lei8to€ene, aiid GlaciaL 
Each name varies more or leea in aoope aa uaed hj diffinent atttlK»s» but aa 
(wdinarily underatood the three are atrictly aynonymoma. In eariier wrii- 

ingH 1 have preferred Quuteniary, in the present I preft r PU isti>cene. 

No vital princ!i)lt' is inv<»lvetl in l itlu-r preference, and indeed I ;im not 
of thos(» wbo cliiiTior fur the rifjhts uf words. In mv jiidfiiin'tit wcinis liave 
no rights* whieii the vii*ers oi words aiv itound to rewpet L i lie chtini ot a 
word for fn&xeaoB rests only on iti utility— its convenienoe for Ae com- 
munication of thought 

Ghu ial eonnotcs glaeierH, and waa a convenient name while it vvsitt sup- 
poned that a cold cliniatc marked the wliole pi^riofL But now that intemip- 
tif>n»i of tli;it cliirniti* ;in» recdfjTiizpf], it is inon' roiivenifut fr> sp<-ak of glacial 
epochs and iritt i^'luciai e]M>cii.s of tlie Quatenuu y or Pleistocene periotL 

QtuUermu j/ connotes a fourfold dasBificalion, and is coordinate with 
Tertiary. Pteistoeene suggests by its temunation coordination with tiie 
subdivisions of the Tertiary. Using the scale of tune^Mmns adopted by the 
Intemational Congress of Geologists^ the Qiiiiteniary is an era>*hnvin;f the 
olassificntorv iTink of tlic Ti rti:irv era, an«l the T'li isloivne is a jHTiotl, rank- 
ing with tilt! EtKfiie penoii. It is {jcnerally iR'iievcd tliat the FMcistoi ( nc is 
comparable in point of duration with one of the jieriods of the Tertiary era, 
being lew railier than greater, and those who advocate the employment of 
the name Quaternary recognise the Quaternary era as one containing but a 
single period. The time division with which we have to ileal is, tlioi, from 
every point (»f \ icw, a "j)eriod," and it is Indieved that the use of the name 
Pleistocene Pcriixi involves a minimum amount of implication a.s tu Itigiter 
classification, a subject whose discustuou iu uot here couteuiplatod. 



CHAPTER II. 



THE TOPOGRAPHIC FEATURES OF LAKE SHORES. 

It has been MBonud in the preceding pit^Bs that valleys from whieh 

lakes have n»cently disappeared are chanictenied by cert«iii fi nfnrcs 
whereby that fart can bo recnfnHX''d. IVrhaps no (me observant 4>t' natural 
phenomena will ili-spute tliis. iiut there is, nevertheless, s<inie diversity of 
opiuiun as to what are the peculiar itharaeters to whieh lakes give ritw;; and 
especUlly has the true inteipetation of eerttua local topographic fSmtnree 
been mooted, some geologista ascribing them to waves^ and others to dif- 
ferent agencies. 

In the investii^atinn of onr aTirj(»nt lake, it has Iwen found necessary 
not nnlv to discriminate t'nuii all other topogniphir olemonts the fentnre* 
createfl i)y its wave-s, but als(» to ai«(x*rtain the manner in wliieli eai li was 
produced, so as to be able to give it the proper ititerpretation in ilie reoon- 
«tructinn of the history of the lake. It is pmposod in this clinpter to pre- 
sent tlie more general resutls of tliis study, dew-rib! n^'^ in rl* tail t1i<> van'ouit 
elements which cinistitute slion* topography, explaining their origin, so far 
ns possible, niul finally rotitrjisting thcnv with t<>]it><fr!«]»l)ic features of Other 
origin whicii so far simulate them as to occasion confusioiu 

Hie play of roetaoric agents on ihb surface of the hrnd is tmranitting, 
so that there is a constant tendency to the production of the forms charac- 
teristic of their action. All other forms are of the nature of exceptions, 
and attract the attention of tlio observer as reqoiring explanation. The 
shapes wrought l)\ atim (spheric erosion are simple and synnnetric iuid need 
but to be euumurated to bo rcco^iized m nurraHl elements of the sculpture 
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of the land. Along each drainage line there i» a gradual and gradually 
incKMing awent from mouth to source; and thn Um of increwang acclivity 
appHfls to all branchoB as well aa to the maJn stem. Between -each of 

adjac«nt druiiiage lines is a ridge or hill, .standing midway and r<»uiid«Ml at 
the t(»[). W'hciTvr r two rldnrt s join there if a stimniit hijjher than the adja- 
cent jM)rtioii <it I'itlii r n(i;:i'; ami the highest 8uniniit>< of all aix- those which, 
measuiiug along lines of diiiinage, are most remote from the ocean, llie 
cresta of the ridges are not horisontal bat undulate from summit to summit 
Then are no sharp oontrasts of slope; the concave profiles of the drainage 
lineK change their inclination little by little and merge by a gradual transi- 
tion in the convex profiles of tlie ci*est.s and HunnnitH. 

The factor which nio.st frequently, and in fact almost universally, inter- 
ruptu tlieiie tiimjile curves is ht^terogeueity of ternme. Under the iudueuce 
of this factor, just as in the case of » homogeueous tetraue^ the declivities 
adjust tliemselves in such way as to oppose a maximum resistance to erosion; 
and with diverBity of rock textore this adjustment tnvotves.divnBity of form. 
Hard rocks survive, while the soft are eaten away. Peaks and cliffs ara 
prod need. The apice.s art^ oftfu angular instoad i>f roundnl Profilos 
exliiljit abrupt cliangeH of slope. Hat-toppt d riilj^tis ajipcar, and tliti dis- 
tribution of maximum summits becomes in a metuiui'e indepeudent of tlio 
length of dnunage lines. 

A second fiujtor tntermpttng the oontannity of erosion jnofiles is up- 
heaval; and this produces its effects in two distinct ways. First, the general 
uprising of a broad tract of land affects the relation of the drainage to its 
])»iiit of discbar^rp or to its ba-se level, causiiifr corrasion by streams to he 
more rapid than the general waste of the surface ai»d producing canyons 
and terraces. Second, a local uprising by means of a ftiilt produces a cHff 
at the marg^ of the uplifted tract; 4nd above this cliff there is sometimes 
A terrace. 

A thinl disturbing factor is glaciation, the cirques and monu'nes of 
which nn» distinct from anything wTOUght by pluvial erosion; and a fourth 
is found ill eruption. 

The products of all theae agencies except the last liave been occaidonally 
confused widi the phenomena of diores. The beach-lines of Olen Roy have 
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been called river temic'es aiui moraine terraces. The cliff* of tho Downs of 
England bave beea aaenbed to tbore waveB. Gfauiial inoiiune» in New 
ZoaUnd have been interpreted as shore terra«eik Beacli ridge» in our own 
country have been described as ghidat moraines^ and fault terraces as well 

as rivi-r teiTaces have been miittaken for t<hoix>-iiiarka. 

Ill tlie ])]aunin<r of «-n^'inc«»i-ij(«; \vi»rks tm t1i(» iniprovcnK'nt ;in<l protec- 
tion of liarliors, it is «»1 prinu^ iiupnrtunct^ to under.slaii(l llit- natural processes 
by which coa«t feutniX'S arc produced and luotlitied, and tliis neccsnity lia« 
led to the production by engineMs of a hiige though widely scattered litem- 
ture on coast-forming agenciea. Gteologista also require for tlie interpre- 
tation of stnita oriffiiiutiiiji as coa-st deposits an inulei"standing of the ntejlioda 
of co!i«taI de<rradatioti ami coastal dcjKtsition, and from their |M>iiit of y]vw 
there lias arisen an indcjM iiileiit literature «»n th<* subject. Tlie plix siejd 
theory ot water wave^ lequired alike by eng'ineei-s an«l geologists has been 
developed by pliyslcistji, and has its own literature. Tlie thrtn: grcaips of 
writers have so thoroughly traversed die subject of shore processes that the 
present chapter would have need to deinonstnite its rftisou d'etre wore it not 
that the <reneral siih{e( t h.is as vet received uo ooDipendious and systematic 

treatment in tlie Mn^j^Iisli lai)<,'-ua;,'e. 

It happens, moreover, that the present treatment of the subject ha.s its 
own peculiar point of view, and is in large imrt independent During the 
progress of the Md investigation I was unaware of the greater part of the 
literature mentionetl above, having indeed met with but one imptrtant 
j>apor, that in which Andrews descril*s the fonnati<m of beaches at the head 
nf f^akc Michigan, and T wm induced bv the reqnii'pmcnts of my wiyrk to 
develop tho philosophy of the subject ab initio. The theories here presented 
had therefore received approximately their present form and arrangement 
before they were compared with those! of earlier writers. They are thus 
original without being novel, and dieir independence givee them confirma- 
tory value 80 far as they agree with the conclusions of others. 

The pernliarity of tlio point of viow lios in the fact that the jiheiumiena 
eliielly studied are los.iil sliore-lines instead of niotlem. The bodies < t' \vai(!r 
to which they pertain liaviug disappeared, the configuration of (he sul>- 
roerged purtioD is direcdy seen instead of b^ng interpretod from laborious 
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soundings. There are, luoreover, iiutural .soctioiis ot the deposits, exposed 
by rabsequ^t erosion, and thesd rev«al feataiM of intemal stnirturQ <h' 
anatomy quite as important to the geologist as the features of mor|^ogy. 

Hie literature of shore-lines is so feebly connected by cross refereuoe, and 
portions of it have been diwovi'ml in plarPH «o unexjMM-ted, that the writer 
fears mauv iini>ortant coiitribntionH have ewajK'd hi» attention. Widiin tlie 
range ol liin reaJiiifj, the earliest (li.scus.sionis of vuluo are by neanniota' and 
De la lioi-he,'- and it luiust be admitted that the writers of geologic nianualit 
now in use have improved very little upon their presentation. Eleming, in 
an essay on the origin and preservation of tlie harbor of Toronto/ set forth 
the process of littoral transportation with admirable cleiVniess; and x\ndrews, 
who njijwnrs to lin\(» ronr'hffl liis < i)tulnsions by iiHlcju iiflcnt oVmcrvntion, 
wMnl to till- tlH'.*rv lit' litrnral rrniis|n«rtarioti an ini|)<i|-taiil factor in tlie 
theory of Hftoral dejmfilion.' MitciieW, in an essiiy <»n tidal inar»lieK,* iuci- 
dentally describes tliu growth of the protecting burner. A general treatise 
by Gialdi* gives a systematic discussion of coast processes from the engi- 
neer's pmnt of view , ami iw iewH the Italian liteniture of the subject; and 
a shorter \Xi\)<^r by Keller' has a similar sfope. Kichthofen, in hi.s manual 
of instriictifm 1(« s* u iitific travelers, treats analytically and at lentrth of the 
work of waves in eonjunctiou witJi tidos, and di^cu^Meu u »ubiji<liug conti- 
nent* The theory of waves has been developed experimentally by a cam- 
mittoe of the British Association, with J. Soott Russell as reporter;* and it 
is-analytkally trentml by Airy" and Rankine." 

' Iwvons tie i^logir pr.it ii|niv I'.it ilr !(■ .iniijuiu \ 1. iip. 'ill-lKjJ, TariK, I'^lfi. 

'A 0<*"l"i]riri»l Maniiiil. lis lli iiiy 1. Ur. U Iktln?. *l etlilioit, I'lilarK^d, I^nmlmi, IKUl, jip. >i7-'Jl. 

Till' tii<'lii;4ii al OliM Tvi r, lly tb« naiiir. I,timloii, Itfil, |>|i. 41»-I17. 

'Toruuio H^arlMir — its furmatina »u<l pn'oervatioD. lly l^aiKlfnn) I'leiiiiuK, C. E. : CauailiMi 
Journal, vol. t, XrSti, pp. IlKt-IO?, '££.l-HO. I(<-|iHiitttil will) aitdilioiii) u Rt^port on Prnu-rTMlM and 
IiiiproviinieDt of Toronto Harbor, lu Buppleiui'Dt to Canadian Juanwl, USA, pp. 16-3!^. 

•Tb» North Amerlcnn Lakr» rnnnlilrr«<l an ilintnonjotan of paaHSlMiat tim. J9y Or. Bdaiaad 
Amiron-K, Tmnn Cliir.it;o Aca«l. Sci., Vol. 'i, pp. l-'ZI. 

'On tli<>r>-ci.imnllon nf iKlr-lanilM and itti n-Iation to navigation. Haoiy HiMlwII. ApfMI. 
disMo.a,l«itapt.U.8.0MMt8arv«jrfiMrlH«t. Waahingtim, IMS; ;&-104. 

•Sal oeto aadaaoSal mara « au la catrraaU dl aaaaapaetataianta aa qaallo liUacaU. A la ia w Jra 
Oridl. Hams, UOB. 

'SlnliaB niiar die OraUltnog Ait Sandtm-itrn, etc., II. Krllfr, D«rlin. 18^1. 

■FUliar flr FataDhaa^iarada, voa FardinaDd IVeiberr vim Riclillnirt^n. Berlin, Itm, pp. 

• Bapart vt tfaa Oaamitlae on Vvnt, Sir Jalia BoMwhni, and Joiin Seott BaaKll, Bapwtar : 
S>pt. BriU* Aw, AdT. 8«i.,nb aaatiaib mt. pp. 419-411 
*>a B. AliTt Tal. y, Euar. Matrap. 

» W. J. Maq. RaaktM, PWIaa.'naaa. Baj-al Sao. liMMlan. val. ua, ISR, pp. lSr-N8. 
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In the following tmitnient of tlie subject the deficriptiiiu ami ;ituil\ sis 
of the clcineut^ of shoru topography will be followed hy » foiupurisoii of 
cartain of th«8e dementi with Mmnlatiiig featurw of diffwent odgin. Flnt, 
however, a fem words will he devoted to the coodderation of ehore shaping 
as a division of tlie nioro ^fnenil pnx-ew of earth (shaping. 

Till' <-;u't1i owes its spheroidal fonn t4) gnivitv and ntfntinii. It owfH 
its ^rcat tcaturcs vi cniitiiicnt ;iii<l oci'aii Itt'd to the un(_-<iual distriliutinn n{ 
the hetoroge neons muterial of which it is coinpotied. Many of it« minor 
inequalities can be refeired to the same came, but its details of surface are 
chiefly molded by the drculation of the fluids which enve1(^ it Tliis 
shaping or molding of the surface may be divided into thn-e parts — sub- 
aerial sha})iug (land sculpture), subaqutHJUs shaping, ami littoral sha])ing. 
In each ouie the process is threefold, comprising erosion, trausportatioti, and 
depotiitiou. 

In subaerial or Lmd 8hH])ing the agents of erosion are meiteorie— rain, 
acting both mechanically and chemically, streams, and frost The agent of 
transportation is running water. The condition of deposition is diminishing 

velocity. 

In stihaqiicfiiis shnjiing, or the moldin'j <tf Hurfacc wliit li taken jilacx? 
beneath lakes an<l oceans, cuiTouts constitute the agent of erioimi They 
constitute also the agent of transportation; and the condition ot deposition 
Uj, as before diminishing velocity. 

In littoral shapingf or the modeling of shore features, wares constitute 
the agent of erosion. Tr;ins]»ortatioii is performed by wa%'e« and currents 
acting COtljoiotK', mik! the conditimi of (icpDsitioTi ]•< itHTcastit'j- ili ptli. 

Oil the lan<l tlie amount of erosion vast!\ ex* ceU-s the aiiiuunt of de]»- 
otiition. Under standing water erosion is eitlier nil or ineoinjiarably inferior 
in amount to d^Msttioii. And these two facts are correlatives, nnce the 
product of land erosion is cliiefly deposited in hikes and oeeaius «nd the 
sediments of lakes and oceans are derived chiefly from land erosion. The 
prrrdticts of liltond erosion undergo division, <r"iiiL'^ |iart]\ to littiM-al '1i'|>- 
(•sitinii atxl jiartlv to wibafpieoiis de|H)sition. I'iie material for littnial 
depijsitiou is derived partly from littoral erosion and partly from land 
erosion. 
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That is to say, the (.letritUH worn iroin tLo land by meteoric agents m 
tnmaported outward by «treairuk Ncmniilly it i« all carried to the comt, biit 
owii^ to tite almoAt univemal complieation of eromon with local uplift, tliere 

is a cortuin Auwc of ilctritos dv]M)sitecI upon tlio ItasinH and lower tslopcs of 
the lan<l. At the sliore a second division takes |)hiee, the smaller portion 
bein;r .nTCHted and })uih into \ :irif>iis slii>rr> strucfureK, while the larp^er por- 
tion eontinuen outward and is deposited in the sea (»r lake. The jmiduet <»f 
sliore ero^u ia ipmilarly divided. A^part reinaiiui upon the ahore, where it 
i» combined widt material derived from tlie land, aitd the remainder goes to 
swell the volume of Hubiique^ms depositioii. 

The ft)nn8 of the land «ro ^ven ehiefly by erii>iiin. Sinrc the weor 
bv streain« keens neeessanlv in aflvimt-c of the waste ot the int(>rvcn!nar 
Hurfaces, and since, also, there is inccjnality of er*)sion dependent uu diver- 
sity of iextiu-c, laud forms are characterized by their variety. 

The forms of sea beds and lake beds are cpven by dq)Osition. The 
great currents by whicli subaqueous sediments are di«tributed sweep ovw 
die ridges and other prominences of the surface aii<l leave the intervenintr de- 
pressions eo!iipnmfTvt«lv <'nrreiitl(*ri«. Deposition, dcprnflin<if on r(»t;n<1ntion 
of currtMit, takc-^ iilmc i liictl v in the tlt-picsiions, so tluU they ore eventually 
filled and a monotonoas unifonnity is tlie rcHult. 

The Ibrms of the shore are intermediate in point of variety between 
diose of the land and those of the sea bed; and since they alone claim 
parentago in waves, diey are sui generis. 

Ocean shoivs are geneticnlly ilistinffuished from lake shores by the 
ronppration of tides, whiuli mudily the work accomplished by wuveK oud 
wind eurreuta. 

The phenomena of ocean shores are therefore more complicated than 
those of lake shores, and an exhaustive treatment the subject would 
include die discussion of their distinguishing characteristics. They fall, 
however, without flie limits of the present Investl^^iitiivn, and in the analysis 
which follows, tlie influence of tides is not consiilcK il It is perhnji^ to be 
regrettetl that the systematic treatment here jiropo.sed could not bo bo 
extended as to include all chores, but there is a certain compensation in the 
fiu^ that die results reached in reference to lake shores have an important 
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nopfativo beiiriiif: mi tiflal disctissinns. It was long afjo pointed out hy 
Ik-'iiumuut' aud Desoi*- that inaiiy ot tho mure imjmitaut features a.sfribed 
by hydnuilie engines to tidal action, are produced onrtfie shores of inland 
seoB by wAv«8 alone; and the demonstiatioa of wave work pure and ample 
should be serviceable to the maritime engineor by pointing out those resuhs 
in expliiTKitinn nf wliich it is utuh > i s^ary to appeal to tlu; agency of tides. 

Tlie onlcr I't tri-atniciit is Imscil (ui tlu- tliri'e-fold divii^ion of the jinu"- 
ess of sliore shapjnj;^. Littoral eio.-»iuii and the oripn of the wja-cliff and 
wave-cut t«rract! will bo first explained, then the process of littoral traua- 
portation with its dependent features, tlie betich and the barrier, and finally 
the invcess of littoral depomtum, resulting in the embankment, irith all its 
▼aried phases, aud the delta. 

"WAVIS WOKK. 

LITTORAL EROSION. 

In shore srttlpturo tlu^ ajjent of eroHioii is the wave. All varieticH of 
wave motion which affect st;uidiug wutur are su-sceptible ot pwduciug eit>- 
aive efibct on die shore, but only those set in moticm by wind need be con< 
sidered here. They are of two kinds: the wind wave proper, which exists 
only durin<; the continuance of the wind; sjid the swell, wliich continues 
after tlie wind has eeast>d. It is uinieetwsary to discriminate the effects of 
tliose npoti flio slif)r«' ftiiiher than to nav that the wind wave is the more 
efficient and therefoix; tlie better <leser\"ing of sjn-eial consideration. In the 
wind wave two things muvu forward, the nndiilatiuu and the water. Tlie 
velocity of the undulation is relatively r.ipid; tluitof tho water is slow and 
riiytlimie. A particle of water at or near the surface, as each undulation 
passes, descrilK's an orbit in a vertical plane, but doo8 not ri'turn to the 
BtJirtln'T point Wliile mi the cix'st of the wa\e it moves forward, and while 
in the trough it moves lests rapidly l>ackwani, wi that there is a residual 
advance.* 

■ Le^onA lie itAilogUs |>ratiqaii>, voL 1, p. 222. 

■K l<> «>r r„ „iagf vf Uke S«ptrior L«Dd Dtalrlet VotUt A WMto»y, WidilDRtm, mi, 

vol, 8, pp. -.'iVJ, 'iM. 

The tlipor; of wave motion involVMl in thia ami tin. futlnuiii^ |>.irj^r»pbB is baaed pwllyilB 
obatTTaliiHi but ebivSf on Uin «li«cua»ioiM of J. S. Ruaaell, Airy, Cialdi, and Raakioo. 



30 



LAKB BONmBVILIiB. 



This residual advauce is the initiatory element of current. By virtue 
of it the up}>er hiyer of water n earned forward with reference to the layer 
below, heing given a diffiarential movement in tlie direction towards which 
tlie wind l)h>\vH. TliiH nioveinont b fradually pi-opn^ted to lower aqueous 
stnitn, iind ultimately |inMlucert iiioveinent of the wliolo body, or a wiiid- 
wrnnfr^it riim iit. 80 lonj; iw th<' \'f'loritv of tlic wiiirl roTiuiiiis cinistaiit, the 
velocity of the cun-eiit is less than that of the wind; and there is always a 
differential movement of the water, each byer moving fiu«ter than the one 
beneaih. Tlie friction is thus dietributed through the whole vertical column, 
and b even homo in part by the lake bottom. The greater tlie depth the 
■mailer the share of friction ap|H>i-tioned to Mch layer of water and the 
prefitfr flm vclocitv of cum tit nhich can Ije coTumunicntcil bv n fjiven wind.' 
'riic lit i^'lit ot waveK is likewise conditioned by dejith of water, deep water 
periniuinjj the formation of tliose tliat are relatively large. 

When the wave a)iproaehes a ahelving shore its habit is changed. The 
velocity of the undulation ie diminished, while the velocity of the advancing 
particles of water in tlie crest is increa^sed; the wa\ ( len^h, measured from 
trough to troujrh, i> (liininislnd, junl the wavi- heij^ht is iiicronspd; the crest 
bocninos tu'tito, with the front steeper than tlic hnrlc; iiud tlicsi' cliaiifjf's 
culminate in tlie breaking of the C4^»t, when the undulation projjcr ceas^js. 
The return of the watM* thrown forward in the ereet is accomplished by a 
current along the bottom called the tfadbionr. The momentum of tiie 
advancing water contained in tlie wave crest gives to it its power of erosion. 
The undertow is ctH' v iu in nmoving the products of erosion. 

TliP retanlatinn 1 it' the undulation by diininisliiiijr dfj)th nf M atn- cliaTipres 
the iliiec'liou of it.s axis or cix^st line — excepting when tlu^ axis is parallel to 
the contours of the shoaling bottom — and tlie pheuumeiui are analogous to 
those of the refractioa of light and sound. As a wave passes obliquely 
from deep water to a broad sIkmI at uniform depth, the end first entering 
shoal water is first retarded and the crest line bfov the moment bcnf. 'NVlien 
the entire cn st Ins rcnchod s!in;il water it is once mf>re strnif^'it, l)ut with a 
new tn»iid, a ti'rnil uiakin^^ a iinfr(>n-(>r !)nf!-1(» witii tln' liii'- ni' scjinmtif»n 

' Tbia ia k iuatt«r of obMtratioa ntber than tbuorf. It impliaa tint tlio friction iMstweea ooo- 
MgSMH Um «r milit lawtim la nora (taa liBf I* iMlo wtlh tte diltoMllal valMi^ of tht ilaa. 
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between deep aud aliallow water. The wave ham been refracted. When a 
wave {jawtes obliquely from deep water to fdioal water whoae bottom giad- 
iiftUy rides to a tdioro, tlie end nciin'r tlu; slutm is tlu; iii<»rt! retiinled at all 
stfi^fi'-^ of projifross juhI tli(> crest line is contiimously curved. Wlieii tli« 
wave Itreak.s and tlic iimlnlation ceases, tlie crest line is nearly parallel to 
tliu shore. It resulti* tliat for a wide range ot" wind direction there is but 
email range m the direction of wave tnmd at the shore. It results also^ as 
ha« been often noted, tliat when tlie wind blows normally into a drvling 
boy, the waves it 1)nii<;s are diveively tumod, SO as to boat against both 
sides as well as the head of the li;iy. 

Win n t}tf land at the ni.ii^in of the wnft r consists of unconsolidated 
material or of fragmental matter lightly cemented, tiie sini])le impact of the 
water u snffictent to diitplace or erode it The same force is competent also 
to disintegrate and remove firmer rock that has been superficially weakened 
by frost or i« partially divided hy cracks, but it may be do\d>ted w hether it 
has any power to wear n>ck that is thoroughly coherent. The ini|>act of 
larcrc wavc« hn>< jrrcat fnrci', and its statement in tons to the square foot is 
most impi-cssive; but, so far as our obs<^'rv"atioa hm exteudiid, the erosive 
action of waves of den* water beating upon firm rock without seams is prac- 
tically nil. On the shores of Lake Bonneville, not only was Ihere no erovon 
on the faces of difEi at points where the waves carried no detrital fragments, 
but there was actually dc|)osition of t a1( ar< <nis tufa; and this depositioti was 
most rapid at jwints specialh- oxfinsed to the viotcnrp of the waves. 

Tlic rasp very ditlerent w licii the rock is tlh iil. d by seams, for then 
the [irincipie i»f the hydnistatic pmss hnds application. TluDUgh tiie water 
forced into the seama, and sometimes througit ur imprisoned and compreased 
by die water, the blow struck by the wave is applied not merely to large 
sur&ees but In directions favorable to tlie rending and dislocation of rock 
masses. 

It rarely hap|iens, however, that the iinpact of waves is not n'iiiforced 
by the impact of minend matter bonio by tlium. The detritus worn from 
the shore is always at hand to be used by the waves in continuance of die 
attack; and to this is added other detritus carried along the shore by a pro- 
cess {nesently to be described. 
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The rock fragments which constitute the tool of erosion are themselves 
wotn and comnunuted by use nntO they beoame so fine that they no l<H)ger 
lie in the sone of breakers bnt we carried airay by the undertow. 

The direct work of waveeioflion is restrieted to a horizontal zuuf tie- 
pendent on the height of the waves. There is no ini|Kict of breakers at levels 
lower tlnm the troajrlts of the waves; and the most efficient impart is limited 
upward by tlie level of tlie wave crests, although tlie diwhiug of tlie water 
produces feebler blows at higher levels. The indirect work has no superior 
limit, for as the excftvation of the sone is carried landward, masses higher 
up on the slope are sapped so as to break away and fall by mere gravity. 
Being tluiH brought within reach of the wave^f, tliey are then broken up by 
them, retarding tlie zonal excavation for a time but eveutually addiug to the 
tool of erosion in a way that partially compensates. 

Let us now cousider what goes on beneath the sor&ce of the water. 
The agitation of which waves are the supeHidal manifestation is not re- 
stricted to iheb horixon, but is propagated indefinitely downward. Near 
the surface the amount of motion diminishes mpidly downward, but the rate 
of diminution itsi If iliminislics, and tlim» sfH-nis no tlieoretic n'sison for as- 
signing any limit to tlie prupag2iti<»n of the oscillation. Imli i d, tin iiLrif.'uion 
must be earned to the bottom in all caseji where the (h^ptli operates as a 
condition in determining the magnitude of waves, for diat detennination 
can be asngned only to a resistance opposed by the bottom to the unduU- 
tion of tlu- water. 

Ihii iii;^ tin* passage of a wave each particle of water affi ctnl liv it rises 
and fall.H, and moves forwani and biu:kwanl, flfsciihiug an orbit. It tlie 
passing wave is a swell, the orbit of the particle is closed,' and is either a 
circle or an ellijise; but in the case of a wind wave the orbit is not closed. 
The relative amounts of horisontal and vertical motion depend on the depth 
of the particle beneiith the »atUM&, and on the relation of the total «le])th of 
tile watei- to the size of tlie wave. If the water is deep as com|)flrod to the 
wave-length, the honzontal and verticn! Tiiovements are sensibly e(]ual, and 
their amimnt (hminishes rajiiilly Inini tlir surtace dnwnwaril. If the de])th 

>'l liii ii t<trii tly true nuly while the awvll travrniC!! dii'p nalrr. U iit |ioioUid ont b; Cioldi thai 

in pinMri^: to ^hu.>i water the h well i» twamWd itt m WWW iif tti wri i m p B , muA «be jMtklw — loimr 
letam to thvir pvinto ol ■twtiag. 
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Ih small, tilt* horizontal motion is {greater tlinn tlic vortinil, but climinislioH 
lews rapi'llv w itli ]ifh Nt rn* tlio lino of l)i*0Hkfrs, the vorticjil motion clipsf^ 
to the lH»tton) li)'(-onK>» iuuppixjciable, wliilu the hurizoutiil ost-iil;iti<>n in 
nearly lus great as at the Mufaoe. Tld» horinontal motfani, tifeeting water 
wluch iH at the aame time under tlie influence of tlie undertow, gives to that 
cunent a puhating character, and thus endows it mlh a higher transporting 
power than would pertahi to its mean velocity. Near the breaker line, the 
oKoillation eonimunicntcfl hv the wave tnav even <tven »Mue and inonifiitjirily 
niverse the movement ot the uiiilertow. lii.side the breaker line no oscilhi- 
tioii proper is coiuinuuicateil. Tho bmkeu wsive cre*t, Uiuihiujf forwuixl, 
overcomee the undertow ajid throws it bade; but the water letunui without 
acceleration as a simple current descending a slope. 

It should be explained that the increment ^iven by pnlsntion to the 
transporting |K>wer of the undertow dej)en<ls u]n»n the {general l;nv that the 
truns]iortiii;; power of a current in an in(•rer^^iIilr treometric tunction of it» 
velocity. iJoubling the velocity t)f a current more than duublen tlie amount 
it can catty, aud more flisu doubles the size of the particles it is able to 
move. 

The trausportin^r ]>ower of tfie undertow diminishes rapidly from tiie 

breaker line outwanl. That }>art of its power whi<'h deju'iids on its mean 
velocity diminishes as the prism of tlie undertow incmises; that part, wliirh 
depends on the rhytluttic ac^^elcrations of velocity diiuiimheii as tlie depth of 
water increases. 

The pulsating cdnent of the undertow has au erosive as well as a 
traaisporting function. It carries to aud fru the detritus of the shore, and, 

dmg^n^ it over the bottom, continues downward die erosion initiated by 
thf IjicMkcrs. This downw!»rd erosion is the necessary cojiconiitant of the 
shuii wanl pntffivss of wave erosion; for if the lainl were meit'ly planed 
away to tlio level of the wave trouglis, the incoming waves would break 
where shoal water was first reached and become ineffective at the water 
maij^ In fact, this spending of the force of the waves where the water is 
S0s1)a1hi>v us to induce them to bi-eak, increases at that |M»int the ei-osive 
]K>W("r b\ pidsation, and thus liriiii.'N nbout an interdependent ! nf parts. 
What may be called a uunual profile of the 8ubiuei|pid terrace is produced, 
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the parta of wliicli are adjusUil trt a haniioiiious interrelation. If some 
exceptioual temporary condition produee^ ulinomial wearing of the outer 
iMi]^ of tiie tenace, the greater depth cf water at that point ponnite the 
incoming waves to poM with little imp«£nient and perform their woiIl <iS 
eroaion upon portions nearer the shore^ dina restorin;^ the eqoilibrinnL If 
exceptional resiatance is oppost'd by the material at the water margin, ero- 
Hioii is thore retarded until the Huhiiu'rjjfd terrace has Vjeeti m re<lnced as to 
permit the incoming waves to attat k tlie land with a greater »hure of unex- 
pended energy. Couverselyi if there is a dimiuutiou of resistouco at the 
wator margin, BO asiopemutarapid eronon, the landward reoeflsion of that 
margin causes it to he the leas exposed to wave actioo. Thus die hmdward 
wear at tin: water margin and the downward wear in the several parts of 
the fn1 iij rgerl plateau are adjusted to an interdependent relatiou. 

Th. 9« aiff—Wave erosion, acting along a definite zone, may bo rudely 
compared to the operation of a horizontal wiw; but tlie upper wall of tlie 
saw cat, being widioat sttppoirt, is broikiMi away by its own weight snd&lls 
infiagmentSfleaTingadiff at the shoreward maigin of the cut lUs wave- 
wrought cliff requires a distinctix c t.nnit^ to avoid c<uifu»ion with clifTs uf 
other orifnii, and niip-htwith j)rt>])rii-tv in tliin (liscussiuii lx» calU'il a lake-<:liffj 
but tho term sKi-' lif}' h sn well estalilifdied lliat it appears best to retain it 

One of the niost noteworthy and constant elianictera ot the sea-cliff is 
the homontali^ of its ba«& Being detennined by wave erosion the base 
must always stand at about the levd of die lake on which the waves are 
fanned. Tlie material of the cliff is the material of the land from which it 
is car%'ed. It.n declivity dejx?nds partly on the nature of that material and 
partly on the rate of erosion. Tf ihc material is nneonsDlitlatcd, tin- inclina- 
tion cannot exceed the nonnul eai tli slope; if it is thoi-uughly indurated, tlie 
cliff may bo vertical or may even overhang. If the rate of wave erosion w 
esoeedingly ra])id, the diff is as steep as tiie mateiisl will permit; if die rate 
is dow, the indinadon is diminished by die atmo^heric waste of the cliff 

&ce. 

Figure 1 re])rcisent« a cliff fm the shore of Great Salt T^ake. The 
material iu this case is arennref>nH lime!<tone. At the base of the chff may 
be seen a portion of the accompanying wave-cut terrace, and tlie fore- 
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ground oxhihits a portion of the jwsnciatcd Iwarh. Tlie laif^e lK>wl<l(>r8 
of the fori'i^rouinl liavo an indt^pondont ori<n", 'jut the shinffle and other 
material of the beach were derived from the erosion of the dilF and trans- 
ported to their present position by the waves. Sheep Rock is overlooked 
by the nortliem face of the Oquiirh mountain range, on which the Bonne- 
\'ille shores are traced, and the partial view «f the mountain face given in 
the frontis|)iece shows a line of ancient sea-difts, originally aa ])recij»itou« 
as Sheep Uock but now shattered by frost and partially draped by talus. 




Wta. L— Shwp BMk, » Sck-CUff oa Uie •hum at Gnwl a»lt L»ke. From a plwiocnpb by C. K SsTig*. 



It will appear in the sequel that the distribution of sea-cliffs is some- 
what j>eculiar, but this cannot be described until the process of littond trans- 
portation has been explained. 

Th. Wave-Cut Ttrr^c-The subuierged plateau whose area records the latid- 
ward prt>gress of littoral erosion, becomes a terrace aflcr tiie fonnative lake 
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has (lisa]>]H><in'il. iiDil. lui such, requires a distinctive name. It will be called 
the wave-cut krnur. 

Its prime characteristics are, first, that it is asisociated witli a cliif; 
seooodf that its upper margin, where it joins the dtff, is horisootal; and, 
third, that its surfaoe lias a gentle inclination away from the dift There is 
an exceptional case in which «n island or a hill of the mainland has been 
completely pared jiway In- wave action, so that no cliflT remniiisi as a coinimn- 
ion for the wave-eut tciTace; hut this exeeptit>n iKks not iuvah(hitf thi-nile 
Tlie lakewai-d iuclinatiou is somewliut variable, depeuiling on the nature of 
the material and on the pristine acdivity of the land. It is greater where 
the material is loose dian wheire it is coherent; and greater where die ratio 
of teiTaoo width to cliff height i> s:ti;ill. It is prultahly conilitiimed also by 
the direction of the current associatetl witli tlie wind efficient iu its production; 
but tliis has not lieen definitely asi ei-taiiied. 

The width t>i" the terrace depends on the extent <tf the littoral erosion, 
and is not assignable. Its relatave width in dtffierMit parts of a given otm- 
tinnons coast depends entirdy on tiie conditions determining the rapidity of 
erosion, said the discusuon of these at tliis pouit would be premature. 

S«>n)etiines a ]Kirtion of the eroded material gathers at the OUtm: edge 
of the temice, extcmliii','- it^ |»roHle as indicated in Fifrure 4.' 

Figures 2 and 3 .iliow i leal scrtion.s of clitls and teiTaces, carved in one 
case from soft material, iu the other from lianl. The statiou uf the artist 




na.t.— Sn ii'it. uf j> s^j ('iin and Ct/trtmrn* la PM. t. 9»Mm af • Bn ciiir Mil Cat-TmaM to Hart 

tncokf-njil MhUtUI. Hiil4>riAl. 

in .sketching the vi*'w rcipresented in the frontispiece was on a cut-tenwc, 
and a portion of it aippearo in tlie fiweground. 

•I. CHiMMll. 0Miagia«im«M]r€rLBk«LakimtH,p.8a 



OOOPBBAnOir of waves and CItBRBNTB. 



87 



UTTOSUU. TRAN SFORTATION. 

Littoral transportation in peH'ormed by the joint action of waves and 
cuirentH. Usually, and ospeciany -whea tho wind blows, the water adja- 
cent to -die diora is stined by a gentle coirent flowing parallel to the water 
maigin. Tlus carries along tlie particles of detritiu^ nj^itatetl by tli« waives. 

Tlio \vave>( nnd inulcrtow move the fliallfnv ^sat^■r iicnr tlic glmrc riipiilly to 
aiul It'o, iiad in .so <luiii<r luoiitf tiuilily lilt tumia parliclest, and r«>ll others 
forward aiid back. Tho particles thus wliolly or jiartially sustained by tlio 
water axfi at the saniA moment carried in a direction parallel to the shore by 
the shore enrrmt The shore current is nearly always gentle and has of 
itaelf no power to move detritus. 

^^Tii ii till- pLiv of tlie waves oen^;rs, shnre nrtion is niTestcd. When 
tho play of the n\ ;i\ cs i« tiisafrotripaiiicil lt\ a i um ul, shore action is nearly 
arreHtod, but not ahsoiutely. If tite iuconiiiig waved move in a direction 
nonnal to the rfioie^ the advance and recoil of tlie water move ])article8 
toward and from tlie shore, and effect no tsranafer in the direction of the 
•horc; Init if the in<-omin<j waves move in an oblique dirtH'tion the forwjird 
transfer of particles is in the direction of the waves, while the backward 
transfer, by nieatis of th<' iiitd<»rt(nv, is .sensibly nonnal to the shoit'. and 
there itt thus a sk)W tninsportntion along tlie shoi-o. If there were no cur- 
rents a great amount of transportation would undoubtedly be performed in 
this way, bnt it would be carried on at a alow rate. The transporting effect 
of waves alone is so slight that only a gentle current in the opposite direo* 
tton is necessary to eonntoract it T\ui concurrence of waves and currents 
is so genend a jdienoinenon. and the aliilify of waves alone is so small, that 
the latter may bo disregardeil. l lie pra«'tical work of transjiortation is 
performed by tlie conjoint action of waves and .shore current«. 

In the ocean the causes of currents are Torious. Beddes wind currents 
there ore daily currents caused by tides upon all coasts, and it is maintained 
by some physicists that tho great currents are wholly or partly due to the 
unequal heating of tlu- ati i- in different regions. But in lakes thei-e are 
no api)reciable tid( >, and curreut-i dtie to nnerjual heating have ne\'er lioen 
discriminated, i'lie tuotiuuii uf tlio water ai"e uoutrolled by tho wind. 
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A lon<j-contimiMl wind in ono diriTtirm )trnflnres a set of cuiTcnte har- 
motii«iusly adjuHted to it. A (•lmn<^>i iii ilio « iud pi-«HluLes a change in the 
currents, but tliiii adjuijtiueut h not iustiuitaucous, aud for a time there u 
lack of hatmony. The strong winds, hoirever, bring about an adjastme&t 
more rapidly than the gentlo^ and nnce it ia to tiieae ihat alt important 
littoral iroik is ascribed, (he waves and currents concerned in littoral trans* 
portatinn mnv l>o Ihto i-rMj-jirdfil as df-pciidiii^'' on ojio and the same wind. 

A vvinil ill Aviii;.'- (liri'i'lly towai d ;i Khont may bo concfivod of as piling 
thtt .supt^rlicial wat»'r against tlie slion-, to bo returned only liy tho undertow, 
but, in fact, «o ample a re«ult is rarely oba<»v«d. Usually dtere is some 
obliquity of direction, in virtne of which the shoreward current is partially 
deflected, so as to produce as one of its effecia a flow parallel to the shoni, 
or a littrtral current. The littoral cui-rent thus tends in a directioti harmo- 
niouH with i]w movt^mcnt of the wnvcs, ]»nH«!risr to tlio right if th© waves 
tend in tliiit dim:tion, to the lott it the waves tend tliitiier. 

To tlus ruk tlMt» is a noteworthy exception. The undonow is not the 
only return current It frequently occurs that part of the water driven 
forward b}- the wind rctuni.s as a superfidal current somewhat opposed in 
direction to the wind. If thi» current follows a shore it constitutes a littoral 
current whose tendency is i»]>]>0!ied to that nf flic wnvcs Thtin th** littoral 
current may move to tlie rigJit wliile the waves t< iid to ihu left, and vice versa. 
In every such case the direction of transportation is tlie direction of the 
littranl current 

The waves and ufidwtow accomplish a sorting of the detritus. The 
flner portion, K-ing lifted up by the agitation of the waves, is held in sus- 
pension until Carrie*! oiitwnrd to deep WHtcr b^• tlie nndei-tow Tito cnar»<er 
portion, siiiking to the Ixtttoni n>oro i-ajii<lly, can not Ik? carried iKyoiid tlie 
ssone of agitation, aud remains as a part of tlie sliore. Only the latter is 
the subject of littmsl ttiaasportatioD. It is called sftorv Arift. 

With the shifting of the wind the direction of dte littoral eurvntt on 
any lake shoru is occasionally, or it may be frequently, reversed, and the 
shore drift under its influence tmvels sometimes in one direction and some- 
times in the othfr In nio.st h>calities it lias a jncvniliii'j- diroction, not nec- 
essarily detennined l»y the prevailing dim:tioii of tlie siiore current, but 
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rather bv tlip dirprtioii of that shore current which acrompniiios tlie greatest 
waves. This in fit>qucutly but not always (he direction aluo of the 8hore 
coirent accompauing tlio most violent storms. 

llie Bouroe of afaoie diift 18 two-fold. A laigopart bderiTedfiomdw 
«cavatioa of BOft-dtflb, imd is dnis the prodaet of littond erosion. Fh>m 
every sea-clifT a stream of ahoie drift maj be seen to follow the coast in one 

direction or t\u- othor. 

Aiictlicr ]iarr is contrihutfHl hv streams dt'jtosiHn*^ at their mniiths the 
heavy part ot' their detritus, ami is more remotely derived from tlie erosion 
of the land. The smalleBt BtTeams merely roiofimse the trains of shore drift 
flowing from sea^difis, and their Iribate nsnally cannot he dtseatminatsd. 
Lai^ streams fiimish bodies of shore drift easily refiwved to ihear eouroes. 
Streanw of the firxt magnitude, aa will he explained farther on, overwhelm 
the shore drift and produce straottues of an entirely different natuxe, known 
as deltas. 

itoBMck-llie aotie ooen^ed 1^ ^ diote drttk m trsnmt w called the 
heaeh. Its lower maigin is henealih the water, a little beyond Ae line where 

the great storm waves break. Its upper maigin is nsnally a few feet above 

the level of still water. Its profile is 



steeper upon some sliores than othens, but 
has a general facies consonant with it^ 
wave-wrought origin. At each point in 




the profile the slope represents an equilib- ^ 
rium in transporting power between Ihe 

inrushing breaker and the Otttflowing undertow. Where the undertow is 
reliiti\ ely jwtent its efficiency is diminished by a low declivity. \\Tiere 
the inward dash is relatively potent the undertow is favored by a high de- 
clivity. The residt is a sigmoid profile of gentle flexure, upwardly convex 
for a short space near its landwaxd end, and concave beyond. 

In horiaon^ contour beach fdlows the oripnal boundary between 
land and lake, but does not conlbrm to its irregularities. Small indentations 
are filled with sliore drift, small prt»jections are rnt awny, and nmootb, ;sweep- 
ing curv es are given to the water margin and to the submerged contours 
within reach of the breakers. 
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Tlie beach gi-aduatos iuMciiiiibly into the wuve-cut terraca A cut-terrace 
l)ing in the route of shore dfih h alteniatety buried by drift and swept 
bara, as die conditions of wind and breaker vary. The eut^uid-bttilt ter- 
race (Figure 5), which owes its detrital extension to the agencies detennin* 

ing the bench profile, may be regarded 
as n fonn intormciliate between the 
beach and the cut terrace. 

TktaMto.-Wliere tlio sublittoral 
bottom of die lake has an exceedingly 
gentle indination die waves Iweakata 
considenible distance from the wainr 

Ha. lu-SHtlM ar • Ciifraa Bidtt T«nw». 

marjjiii. Tin* most virdent notation of 
the water is alonp tlie line of brciikers; and the shore <lrift, dei>endinix upon 
agitation for its transportation, IoIIowk the line of tlie breakers instead of 
the water mat^. It ia Aus btnlt into a eontinuons oudying ridge at some 
distance from the watei^B edge. It wiU be oonvenimit to speak of this ridge 
aa A barrier 

^ — — . Tlie hiirricr is the funotioiinl otjuiva- 

vki^^iA^ O ■ .-^■ /■''T^r. i>each. It is the road along 

_ . _ which shore drift travels, and it is itself 

composed of shore drift. Its lakeward 
fiicc has the ty})ical beach jmifile, and its crest lies a few feet above die 
nonnal h'Vt'l of the water. 

U^'twecn the barrier and tlic land a striji of water is iii<-los<-(l, (•r)iisti- 
tuting a lagoon. Tills is fretjuently c< inverted into a nuu>li hy tlie acciunu- 
lation ftf «lt and vegetable matter, and evMitnally beeomes completely filled, 
so as to bridge over the interval between land and barrier and convert the 

latter info a iKinmil licacli 

The J>eacli and tlic hanicr an- ahsolntely de|)endent on shore drift for 
their existence. If the Lsscntial contiiuioiis sii|»i>l\ ot' nii>\ injr ilftritus is cut 
off, not only is the Btructure demolished by the waves which lonned it, but 
the work of excavation is carried landward, creating a wave-cut terrace and 
a cliff. 

Hie principal elementa of the theory of shore-drift deporits here set 
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forih sm* tacit! \- j»nstn]af('f1 1)v mfinv writ,on' on tlu» oonstrucrioii of harbor 
and ( Oust ik'tentses. Accord iii;,-^ !>> Ciuldi' tho {wtency of currents in con- 
luiotioii with waves was firnt uiinouiiccd by Montanari; it has been coucie>(ily 
lind, ao far aa appears, independently elucidated by ^VndrewB.* 

Still water level is the datum widi which all vertica] elementB of ithe 
profile of the I>oach and barrier arc necessarily coinpan d; i 1 i ■ tVn ed to 
this stiiiuhnxl, not only floes the maximum heifirht of the besieii or barrier 
vary in different parts of the same shore, but the profile as a whole stands 
at clitierent heights. 

Tbe explanation of theee inequalities depends in part on a principle of 
wide applieatkm, which is on the one hand n> important and on the odier so 
frequently ignoreil that a paragraph may properly be devoted to it, by way 
of di;rres«ion. Tlioro are numerous geolo^c pro('esses in which quantitative 
variations of a causative factor work imniensely greater qnnntifjitivc vnn'n- 
tions of tlie efibct It is Bttniowlmt as though tJ»e efiect was proportioned to 
an algebraic power of the eaus^ hnt the rdation is nerer so sin^a Take, 
for example, the tranqmrtation of detritos fay a stream. The variable cause 
ia the volnme of water; the variable effect is tiie amotmt of geologic wmk 
done — the quantity of detritus transported. The eflfect is related to the 
cause in tbn»« difftTcTit ways: First, incren'so of water volume ati«;niriits- tlie 
velocity of tiow, luid with incit'iise of \ elm ity tlio size of tho maxiniuju |)arti- 
cle which can be moved iiKToases rajiiilly. Accoi-ding to IIoi)kius, tlie siao 
of the niMwniHii fragment which can be moved varies as the sixtii poww of 
ihe velocity, or (roughly) as the f power of the volnme <^ water. Second, 
the increase of velodty enlar<^es the cajKicit y of the wat^T to transport detritus 
(if a iriven character; that is, the per cent of load to the unit of water is in- 
crejwed. Third, increiiso in the number of uin"t voliunes of water increases 
tlie load pro rata. Tlie suimnation of these tlu-eo tendencies give» to the 
flooded stream a transporting innver scarcely to be compared with that of 
the same stream at its low stnge, and it gives to the exoeptionat flood a 

' Ixic. iMt., |t. :CM, I't acq. Cinlili hicawlf nmlntaiti* nt greut Icngtli that tbo work is |>orforirir<l Ujr 
« BTeii, nnd that tlio ■o-calli>d abnro cnirent, a fe«ble peripheral circulation olmerveil in thn Mv<lit4'r- 
raneau, ia qnalitatlvely and qnanlitntivRly inconpetaot to prodiioo tho oIim.tv«I rvaiillH. Whothi-r h» 
woald diMjr tlH> «mcli«n«,v of I'urrKiiU rxcii<-il l>y thetHi* wlud* wbtoh pfodne* tlie wmvos la not 

*Tm«t. Cbio^fo, Acad. Sei., toI. 2, p. 9. 
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power jrrt'fitly in excess of the noniial or anTuinl flood. Not only 13 5t true 
that the work atcomplished in a lew daytt during tlio lieight of tiio cliiel flood 
of the year is greater than all that is accompliiihed during the remainder of 
the Tear, but it may evea be Inie that the effect of the maximum flood of 
the deoade or generation or eenUuy surpMaes the combined effects of all 
muinr flcxwLs It follows that the diinciisinQs «f the cfaatinel Me ettabliaihed 
by the great flood and a(ljnst<Hl to it^^ nee<ls. 

In littoral transpnrt;itirm tlio great Htnrm bears the K;\me relation to tlie 
minor stonn and to the fair-weather breeze. Tlie waves created by the 

great storm not only lift more detritus from each imtt of Ae littoral sone, 
but they act upon a broader soue^ and they are otnnpetent to move laiger 

masses. The currents wluck accompany tliem are correspondingly rapidf 
and ( ju t y fui u ard the augmentnl shore drift at an accelerated nite. It fol- 
\owH tliat tl\f habit of the sliorf. ineluding not onlv the maximum liei^'-lit of 
tko l>each line and the lieight of ita protile, but the tliraensions of the wavo- 
out terrace and of yariont o^ier mtve products presently to be desonlMd, is 
detennined by and adjusted to tiie great etorm. 

It should ho said by way of qualifi< ation that the low-tide Stream and 
the breeze-lifted wave have a definite thougli sulxirdinate influence on the 
toiwgrapliic confipruration. After the great flood has passed hy, the shrunken 
stream works over the finer debris in the bed of the great channel, and by 
removing at one place and adding at another shapes a small channel adjusted 
to its volume^ After the great stotm has passed from the lake and die stonn 
sweU has subsided, the smaller waves of fair weather constmct a miniature 
beach profile adapted to tlu ir si/.e, KU[)erpofring it on the greater profile. 
Thia is done by excavatiu;: slmrc drift .ilong a narrow zone under water and 
tlirowing it up in a narrow- ridge above tlie still water level. Thus, as early 
perceived by De la Beche' and Beaumont,* it is only for a aliort time imme- 
diately after the }>aH.Hage of the great storm that the beaob profile is a simple 
curve; it coraes afterward to be intemiirted by a aeries of supwposed 
ridgea produced 1^ stonns of difl'erent in<igiiitude. 

Reverting now to the special conditions controlling the profiles of beach 
or barrier at an individual locality, it i.'' evident tliat tlio chii t" ><( tliesi' is the 
< MaoMl urOeoiucr. Philadelphia, ISSi, p. 78. • Lojuas, p.1M6 uud pUto IV. 
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magnitudo of the lar^'est waves broakingf there. The size of the waves at 
ouch locality depeiida on tlm fom? ol" tlie wind and ou iu direction. A wind 
blowiug from the shore lakoward produces no waves ou tliat ghore. One 
from fhe oppoRte ihoie prodnoes waves whose heiglit is apprmimKtely pro- 
portioiial to the sqnaro root of the distance through which ihe^ an prapa- 
gated, provided there are no Bhoals to check their augmentation. For a 
given force of wind, tlio frroutost waves are prfHliiCf-d whi'ii the dlriH-tion is 
such H» to commiinil tlui broadest sweep ol" wat^ r iKfnrc their incidence at 
the particular spot, or in tlie teclmical phrase, when tho^e^A is greatest. 

, A second factor is found in the oonfigiintion of the bottom. Where 
tibe off-shore depth is great the undertow rapidly retains the water driven 
forward by the wind, and there is little accumulation agaUkSt the shore; but 
where the off-shore depth is small the wind piles the water aglisst the shore, 
and pr' Hbi. 4 s all shore features at a relatively high level. 

Th« 8uiHNu«ou« Ridce.-Yariou8 writers have mentioned low ridges ot sand or 
gravd rmming psralkl to fhe dnre and enfirely enhmerged. As Ihe origin 
of such ridgee is not nnderstood^ they have no fixed pondcm in the pres- 
ent daanficatioD, and they are placed next to ibe hairier only hecanae of 
similaiily of form. The following description wn!<i published V)y Desor in 1 851 : 

Am eiampfci ot this ubaneter oooan ou die norttaeni shore of Lake Miobigaiit not 
Ite Dram tb« fWb station of Bark Point (Polnte an "fimrem), nuder the lee of a prom- 
ontory, designated on thA map as Point Patter«on. Hi ri>, t he shore, after running due 
east and west for some diatanoe, beads abruptly to the northeast The royaj^oi oom- 
iuf ftom the vMt, after having passed Point Pattefson, to stmok by the apiiearanoe of 
several bands of shallow water, indicated by a yellowish tint These bands, which 
appear to start from the extremity of the point, are caused by snbaqaeons ridges, 
wbitb Bpreiul, fan-like, to tlie ili.staiict^ of nearly lialf a mile to the ea.st, being from 
three to tea yards wide, aud from Ave to tea feet above tlie geoeral bed of the lake^ at 
this pmnt. They m not eompond, liira tin flats, of flne simd, bat of white limestone 
pebbles, iterivcd from the adjacent Ic^Irc-s, witli an ailmiitnn? of {granitic pebbles, somo 
of which are a foot in diameter. It in ditUcuit to conceive of currents suffioieatly 
powerful to transiKwt and arrange such heavy aaCsrIsIs, and yet we know of no ether 
■eaos bjr whieh this acgnsgation eoald h»v« been aeoomplished. 

These aalMU|neoiu tidites aflbrd, on a small Msale, aa interesthiff lllnrtnitioB of the 
formation (»r Hliiiilar riilges now ubove v\at<T. If ilie nortli coast of Lake Midiifjan 
were to be raised ouly twenty {avt, suuh a rim would lay dry a wide belt of almost 
kvtl groand, oa whieh these ridges would appear conspieuoasly, not nolike those 
which ooenr on the south shores of Inkes Erie and Ontario, and thus conflrm the 
views of Mr. Whittlesey, that most of the!«e ridges are not aodent beaches, but have 
been formed under water, by the action of currents.' 

• VMl«aMlWlkltii4y'««aMiIog|riir«a»LdMaapHrlairL«iidDtatfiM." PkH%p,m 
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Whittlescv ciegcribcs no cxainplt's on cxisthijf roasts, hnf refrrs to them 
&s familiur featui-es and rolegsites to their category numerous inland indges 
ano<»ated irith eaiilW water awfaces m die baaiDB of Lakes Erie, Ontario; 
and Micfaigan. He says diat "dieSr compOMtion is univermlly ooane water- 
waslied wind and fine fi^avt-l", while Ix-aclies consist of "clean beacli sand 
and shingle and also that lx>aches are «Iistingiiislied from subaqueous ridges 
by the fact "that the fonrmr aro Q^rrow and are steepest on the lake side, 
re»erabling miniature terraces."' 

Havuig personally observed many of the inland ridgea deecribed by 
Whitdeeey and recognised iJiem as baniem, bainiig failed or neglected to 
observe ridges of tins subaqneoos ^rpe in tihe Bonneville Baun, and having 
independent reason to beliovp that the waters of Lakes Michigan, Erie, and 
Ontario have rprcntlv ailvaiiccil on flicir coasts, T !o;i|»f'fl to tlif concliifion 
that the ri<lgt;M hva'U by Des<»r l>t*nt;ut.ii tiie water oi Lake Michigsin, as well 
aii tho subatjueous ridges meutluued without enumeration by Whittlesey, 
were formed as baniera or spite at the water surfiue and were subsequently 
submeiged by a rise of the water.* In so doing I ignored an important 
observation by Andrews, who, writing of tho beach at the head of Lake 
Miohifrnn, desoribcs "a ]if«'Tilinr!t\' in fhc roiitrmr of dcjiosit. wliidi Is 
unilonu in all the siiiid siiores of this pirt of tlie coast As you go out into 
the lake, tlio bottont gradually desciiuds from tiio water line to tlio dejnh of 
about five feet, when it rises again tm you recede from the shore, and ihen 
descends toward deep water, forming a subaqueous ridge or 'bar' parallel 
to the beach and some ten or twenty rods from the shoix*.'" It is impossible 
to n>:riin1 tin's simd ridge as a l>each or barrier siibmei*ged by the rise of the 
lake, for it stands m'tbin tho zone of action of stonn waves, and no mole 
of loose debris can be assumed to successfully opiM>se their attack. It is to 
be viewed rather as a {mtduct of wave action, or of wave and euxratt actum, 
under existing relations of land and lake. 

The suliject is advancctd by Rossell, wlio visited the eastern shore of 

Lake Michigan in 1884. lie says: 

Ban of aoother ohuacter are also farmed along lake margins, at soms distanee 
ftWB the land, wbieh agree la maiif ways wiUi txsa barrfer barn, batdillier in being 

•Fknk-watw CHariri Drift of the VorlfewMtan BtalM. ChtilM WUtUcwjr. SadtliwalaB 
OaatiltaliMi TXa. 197. WMUngteo. tSIW, pp. 17, IS. 

*nah Aaa. RmgiL U. 8. GmL Samgr, 111. *TtaBi. CUcagw Acad. Set., vol. :^ pw U. 
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oompowd of homogeaeouB, fine uiaterial, aauallj wwl, and Id not reacbiug Uie lake 
rarflMW. 

Tlu, r!i,inictcr of strnrtiires of this uaturn may be sttulird abotit the slion's of 
ijijko Miclij^aii, wliere they aiu be Iruced coiititiuuii^ly for hmi<lrwls ol' tiiiles. TUi-rc 
art> usnally tn'o, but occasionally tlirw, distinct sand ridges; the flrst bciiij; about 200 
feet ttota (he landi th« weoiKi 76 or 100 feet bej-ood the ftnt> moA the third, when 
]n«aent> aboat m flu- fiwu the aeoetid as tfae aeeend la ftom the Atat. Soatidluga on 
these ridges show (liiit tln> first Ims iitxint s feet of wutor ovor it, and tlieseooud usually 
about Vi; betnr««u, tbe depib is timii lo to i t U viU From many ooniuianding point8, 
ae tbe suinniit of Sleeping Bear IMntr, for example, those submcrgetl ridges way be 
traovd diHtinctly fer aHuir miles. They follow idl tin nain cwrvee of tbe rimm, with* 
oat ohaiiglug their eharaeCer or baviug tbeir ooafiitnttar Inoken. Tbejr aeenr in baya 
as well ;is aliout tlio bases of promontories, aud are always conipos4'il of cli un, homo- 
geneous sand, although the adjaoeut beach m»f be oompoeed of gravel and boulders. 
Tbej avenetalHiK rMfeainilNBOTgwl bgrftriMoC tiw Mce|lhrttw icmob Uiat fb«r 

are in hnnnonr with existing conditfoaa, and am not being «iwbd Or beooning eOT- 

ered with lacuslral sediuieiits. 

Ill bars of this character the flue debris arising (Void the comminution of shore 
drift appears to be aooainalated in tidges along tbe Hue when tbe undertow loeea Ita 
Ibree; tbe dtotaooe of tbete Hnea from the laad befng determined hj the foroe of tbe 

storms that r-irriml the wutiTS sliorewiinl. Tliis lii only a siijrgt-st.'d ex|)1analiea, 
however, as the coniptete bistory of tliesc »tructurc» baa ml Uttu Uetenutued.' 

In the survey of these hike^ by the U. S. Eugiuecrs, uuraorous inshore 
HounAngs wei« nuMle, and while tfaeM do not fall near «iioiigh togetlter lo 
detenmne the oonfigimtion of subaqneoiu ridges, they serve to ahow whether 
the profile of the bottom deaceiids continuously from the Ih a* !i laki ward. 
A stndy of onpimil manuscript sheets, u lin li iri\ <^ fuller data than the 
published charts, discovers that bars simihir to tluisc drsi rilti d hv Russell 
occur along Uie eastern cotuit of Lake ^lichigun wherever the bottom is sandy, 
being moat frequently detoctible at a depth of 13 feet^ but ranging upward 
to 3 feet and downward to 18 feet At the aonth end the lake they are 
not restricte<t to the 5 -foot zone indicated by Andrews, but range to 13 feet 
A single locality of occurrence was found on the shore of Luke Erie, but 
none on Lake Ontario 

Tliese ridges coustittife an exception to the Ix'ach j)rotile, and show that 
the theory of that jirolik en ab«>vo i» incomplete. Under conditioius not 
yet apparent and tn a manner equally obscure, there Ja a rhytluaie action 
along a certain sone of the bottom. Hiat sone lies lower dian the trough 
between the greatest atram waveS) but the water upon it is violently oscil- 

•aM4.lli«Loriiak«IiahoDtaa. »p.» < a. 
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latwi l)y tlie paWHiiig waves. The Hamo water i« ti-anKlate«l lakcwanl hv tlio 
uudertow, aud tho surfaco water above it is tirauslutcd loudwmxl by tliu wijid, 
while boih move with the diore ooirent panilld to the beaeh. The rhythm 
may be anumed to wUe from the intenwdoD of the oflciUataoD, the land- 
ward eumnt, and die nndntow. 

LITTORAL DEPOSITION. 

Tflo material flejwsitcd hx sIkw ])roros»es is, first, shore drift; second, 
strtinn drift, or tlif dctntus (Iclivcrcd ut the .shore by tribiitury stri'iims 
Increa-siiig deptli of water is in eacii case tlie conditiou ol liitond dejHUM- 
tioQ. The trtanetdres produced by the deporit of Bhtwe drift, altfaongfa Bome- 
what varied, have certain common ftaturea. They will be treated under 
the generic title of emkudmeiitg. The strttctures prodnoed by the deposit 
of Rtream drift are deUas. 

BKBuaaaim. 

The conrent occupying' the lone of the shore drift and acting* ae the 

rna;i< ]it of littoral tranaptntadon has been described as slow, but it is insopa- 
ral)ly coniu ctcd with a movomont that h relatively rapid. Tliislattc'i*, wliich 
may hi- callcrl tlic olV-shurc current, occujjicH deeiyer wafer ami is less impeded 
by friction. It may in mjino seusu bo said to drag the littoral (-urrciit along 
willt it Hie momentum of die off-shore current does not permit tt to fol- 
low the sinnontks of the water raaigin, and it 8we<^ from point to poml^ 
carrying the littorsl coixent with it There is even a tendency to generate 
eddies. f>r return currents hi embayments of the coaat. The oflf-shore cur- 
rent if nain^ovcr roiitrnllcd m part ))v t!io coiifioijration of the bottom and 
by the nctessity of a return cunx^ut. The littoral curmit, being controlled 
in largo part by the movemmts aS lSt» off-ehore ottirmt^ sepantes-from the 
water mai^ in three ways: first, it oontintteB its direction unchanged at 
points where the shore-line turns landward, as at the entrances of t>ay8; seo> 
ond, it sometimes tiiniM from tho land as a surface current; tliird, it some- 
times desreiiils ;iml leaves the water margin jw a lM>ttmn nirront. 

In each of these three C4wes deposition of shore <lrift tjikea place by 
reason of tlie divorce of shore curreuts aud wave action. The depth to 
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which wave agitation suflicient for tlio transportation of shore drift extends 
is smnll, and when the littoral cun-ttnl by leaviug the shore jmseii iuto 
deeper waters the shore drift, uuablo to follow, is thrown dowu. 

When the ctment holda its dinctioii mad the diore-liiid divfiigira, the 
embrohnent takaa tibd form of a ^nt, a Aoo^ a tor, or a When 1^ 
ihore-llne holdfl its course and the current diverges, whether anperfidally 
or by dftscf'iit, the embankmont nsuallv lakt's tlu' form of ii terrace. 

The Spit -M hen a coant line foUowtitl l)y a littoral curreut turns abruptly 
landward, «» at the eutrauce of a hay, the curreut does not tuni witli it, but 
holds its «oiine and pMMs from ihsllow to deeper water. The water be- 
tween die divei^uig' current and coast is relatively still, although there is 
cmnmuniratcd to the portian a^acent to the cun ent a slow motion in the 
game direction. T!ie waves are proj)agated indifferently through the flow- 
ing and tlio standing water, and reach tlio coast at all ]>f>ints. Hlio shore 
drift can not follow the deflected coast line, because the waves that beat 
against it are unsceonqMuned by a littoial eorrai^ It can not follow the 
littoral euirent into deep water, because at the bottom of the deep water 
Aere is not sufficient agitation to move it It dierefim stops. But the 
supply of shore drift brought to this point by the littond current does not 
cease, anfl the nereKunrv renult is nrenniulation. The particles are carried 
forward to the etlge of the deep water and there let fall. 

In this way an embankment is constructed, and so far as it is built it 
serves as a road for the transportation of more shon drift. The cSrection 
hi which it is built isthatof the littoral cunent It takes the form of a 
ridge following the l>oundary between the current and the still water. Ita 
initial lu-if^-lit l)n!i<js it just TH>nr eTtonpli to tlic .sui-f u e of llic water to enable 
the wave agitation to move the p<irtieles of whirli it is coustructed; and it 
is narrow. But these characters are not long niaintaiued. The ransos 
which lead to die constntdafln of the beach and the barrier are here r<|u,i]ly 
effident, and cause the embankment to grow in breadth and in height until 
die orosH-profilo of its upper surface is idetitic^d with that of the beach. 

The lijstory of its growth is readily dt driced from tlio ronfigur-ntion of 
its terminus, for the process of growth is there in pro-^n oss. If tln^ mnterial 
is coarse the distal portion is very slightly submerged, and is terminated in 
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ihv (liivctiiiii of {growth by n Ktoop slope, the Huba»jueoUf» "earth-slope" of the 
pai iicular luuterial. If the imit<unul is fiue tho distal portion is more deeply 
rabmetged, and u not bo abroptly tenninated. The portion above water 
is usually narrow tbrongboatf and tenninates without reBfthing the ex train-' 
ity of tbe embankment 1 1 i flanked on the Like ward side by a submerged 
platean, at the (iiit<*r {mIltc of which the des* rut \n snmewliat sttiep. The 
pn»file of the plateau is tliat iionna! to the 1u :i( li, ami it.s contours nre con- 
fluent with tboso of tiic Ix^uch or barrier on the main slioro. 'l owanl tho 
end of the embankment ito width diminishee, its outer and limiting contoar 
turning toward the crest line of &e spit and finally joining it at the sub- 
m«igedezti«mity. 

The ])rx)cess of construction is siniilar to that of a ntilit»nd embankment 
the material for which i« derived from an adjacent cutting, carted forward 
along the creht of tho embankment mid dimiped off at tho end ; and the sym- 
metry of form is often more peifeet dian the railway engineer ever aocom- 
plishes. The resemblanee to r^way structures is y&ry striking in the case 
of the shores uf extinct lakes. 

As the embankment is can-ied forward and completed, contact between 
the cuiTeiit mid the inshore water is nt first obstnirtrd nnd tiimllv mt off, 
so that there is practically no communication of movement from one to the 
other at the extremity of the spit. At tho point of cousti-uctiou tlie moving 
and the standing water are shar{)ly differentiated, and thm is hence no 
uncertainty as to the directioii of construction. Hie spit not only follows 
the line )N-tw«M'n the <'urrent and still WAtCr, but aids in giving definition 
to that liu<-, and eventually walls in the current by contours adjusted to its 
natural flow. 

TiM Bu.-If the cumnit dutenniuiug tlie foniwtion of a spit again touches 
fte shore, tlie construction of the embankment is comtinued until H spans 
die entire interval So long as one end r«nains free the veraacular of the 
coast calls it a spU; but when it is t mnpli ft d it becomes a hur. Figure 7 
gives an ideal cross-section of a comj)leted end)ankment. 

Tile bar has all the fhririictcrH of the spit ex<:e))t thos<' of ilw ti nninal 
end. Its cross-profile shows u 2)iatejiu bouudcd ou either hand by n steep 
slopes The sui&ce of the plateau is not level, but has the beach profile, is 



1 



. ki, i^od by Google 



BABS AT THB XOUTH8 OF BIYEBa 



49 




slightly 8ubmerge<l ou the windward wide and riso.s somewhat alxtvo the 
ordinary water level at the leeward uiai-jrui. At each end it is uuutiuuuuis 
with a beach or bairier. It reoeives 
«hore drift at one end aud deliven H at 

the otlier. 

The hfxr mnv «'Mtttu'ct :ni Isl.nul \^ ith 
the .shore or nimther ii>huid, ur it m t B milti ifii T'— r- ' 

may e»«mert two |)oi-tiuu» of the muuc 

shorft In tlie last case it croMei) the mooth either of a bay or of a river. 
If miuntiunied entire acnMs the entran«e to a bay it converts the water be- 
tween it and the shore into a hi^ooii. At the mouth of a river its mainte* 

nauee is antagonized hy the outflowing cuiTent, and if its integnty is estal>- 
Hshetl at all it is oiilv o!i riire oc<'Hsions jtiid for a short time. That is to 
say, it» full heijjlit is not maintained; then; is no eoutiuuuus expc>i»cd rid^^e. 
The shore drift is, however, thrown into the river current, and unless that 
current is sufficient to sweep it into deep water a submei|!ed hat is thrown 
across it, and maintiuns itself as a partial oltstruc-tion t«» the flow. The site 
of this submerged bar is usually also the j)oint at which the eurrent of the 
streAui, meeting the stfindinfr wnter of the lake, loses its velocity and depos- 
its the coarser part of its l«)ad of detritus. If the coutribuUim of river ilrift 
greatly exceedii that of shore drift, a delta is fonned at die river mouth, and 
this,' by changuig the couBguration of the coast, modifies the littoral eurrait 
and usually determines the shore drift to some odier course. If the contri- 
bution of river drift is c«)mi)aratively small it becomes a simple addition to 
tin- sliore drift, ;nnl ilnes not interrupt the C4»ntiiniity of its fnirr-purtnticm. 
Tlie l)ars at tlie mouths of small streams are constituted chieHy of shore drift, 
and all Uieir cluiracters are deteiiuined by tlieir origin. The bars at the 
motttiks of large streams are constituted chiefly of. stream drifb, and belong 
10 the phenomena of deltas. 

On a preceding pJ^fv the fact wsis noted that the horizontal contours of 
:i l)c;u'ii ;iT"»< more r*»jndnr thsm those of tlu- nrI*riTi:'l snrfarc niraiTist which 
it i"est^, suiall (lc[jrc»iiiii> lniii;r filled. It imw f\ ideiit tliut lii*? process «»f 
filling these is identical witii tliat of liar construction, riieix- is no trenchant 

Bne of d«naarkatbn between the heaoh and the bar. Each is a carrier of 
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ihore drift, and each ein})loyd its tint load in the cmutraction d( a suitable 
road 

Piatt- IV represents a purt of tlie t-ast shoTO of I^ke Miclligaii seen 
from tlu.1 hill Imck of Knipire HliiflTs. In the extreme distaiire at tiie left 
staiul tlir Sle<»])iii{r l^'nr Hlnfts, mid snniewlint nearer nii the shore is n tim- 
bered hill, the lakeward tac« of which is likewise a «ea-elitt". A bar c«niuects 
the latter with die land in tlie foraground and dividn the lagoon at the right 
from liie lake at tlie left. Tl>e wytntnetry of tlie bar is marred bj tlio for- 
mation oi dunes, the lighter portimi of tlie shore-drift being taken up by 
Ae wind and carried toward the right so as to initiate the filling of the 
lagoon. 

Fif^ire H is copie«l from the II. S. Engineer map of u portion of the south 
shoro of Lake Uutaiio west of the mouth of the Ueue«ee Itiver. Tho orig- 




inal contour of the shore was there irre<rular, eonsUting of a series of salient 
and reentrant angles. Hie waves have truncated some of tlie salienta and 
httve united them all by a oontinuoiis bar, behind which several hays or 
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ponds arc inclosed. Tlio niovi-nieiii ot tlic shore drift is in Uii« case fmra 
uoiihu c'st to S4^>utlieiu>t, and tliu |inucii»ul source of thonmtorMl w a )M>mt of 
Uind at the extreme west, vrliere a low diff ishowB tlmt tlio laiid is htaing 
«ateii by tite wav«fi. 

The iiiiip ill F1g;ure 9 is also copiod from ono of the sheets jtuhUshed 
hv tin* I' S Ivfj^'iH'tTs, ;H>d rcprosoute tlic bars at the head of Lake ^ujio- 
rior. TIk's** illustrate mm ml 
c-lt'iiii'iits thu preceding dis- 
eniwioi). In the fint place tliey 
■re not furnietl by tlio predonu- 
iiiuit wiiich, but by those which 
hriii" th<' "■n'iilesf waves. The 
predoiiiinajit winds nre wf -Jt- 
erly, and pnKliico no waves (m 
diiscoast The »hore drift is (le- 
m«cl from t]te «oatli coast, and 
itit motion is first westerly and 
then northerly. Two bars am 
exhihiterl. the western iif'%\hich 
i.s now protected troni llie lake 
waves, and must have heeu com- 
pleted before tlie eastern waa 
begun. Tlie phice of deposition of aliore drift was probably stufted from 
the western to the eastern l»y reason of the shoalin*,' of the liea«l of the lake. 
The conver^rin}^ shores should theoretically jiroduce durin;i easterly stonns 
n ]nnvr-H"til midertow, bv which a Inr^'f* shnrc of the Khore drift would he 
carried lakowurd and dittti'ibuted over the l)ott<iiu. 'i'he manner in whidi 
the bars terminafee against lh» nortliem sImwo without inflection m explica- 
ble likewise by the theory of a strong undertow. If die return current 
were ntperficial the ban would be curved at their junctions with both 
shores. 

.'\n instructive view of m\ ancient bar wil! In- found in I'l. IX, rej»re- 
sentinji a jMtrtitoi of the Itonneville sliore line. The t«>wn ot Stockton, I'tah, 
appears at tlie right The plain at the left was the bed of the lake. The 
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stni-m wnvf'H, inoviii'^' fnmi left tn ri;^Iit, cam i d tin* sca-rliff wlufh appears 
at tiiti liavc (it till' iitountaiii at the l« it, ainl dnttiiig^ lltt* material toward tlin 
rijfht l)uiU it iiitu H gmit spit and u {jivatcr l»ar. Tlie end M' the spit is 
cIoMe to the town. The bar, which Ika 8li<clitl y lower, haviug been fonued 
by the lake at a lower stage of iti» water, ctweejw hi a broad curve acroes 
tho v;i1](-\ r>< r]i<' incky hill on tho oppo«to audo, whoro tho artist stood in 
makiiiir the sketch. 

Th« H<>«k.-Thp lino of flirorfimi frillowed by the spit is iisiinllv >ii ;ii;,4it, or 
huK u ttlij^ht eoiu-avity toward ttie hiku. ThiM I'onu in a tunctidii ot the lit- 

toral cuirent, to whicli it owes origin. But that current is not perpttuul , it 
exists only during the eontinaance of certain detorroiuing winds. Other 
winds, though feebler or accoiupanied by smalier wares, iie\-ertheles» liave 
systems of currents, and tliese latter currents soiiietinK"; nHnIify the fonn (»f 
the spit, Winds which sim|»Iv n»vprsp thf fliivcrinn < if tlic littond ctirrent 
retard the construction of the embaitknient witliout otlu'rwis<i atiecting it; 
but a current b sometimes made to flow tlie end of tlie spit in a direction 
making a high angle with its aids, and such a current modifies its fomt It 
cuts away a portion of the extremity and rebuildn tbo material in a smaller 
spit joining tlie main one at an angle. If tliis smalh^ spit extends hikeward 
it is demolished liy the next storm; but if it extends Irni'hv.inl its juisitidn ia 
slieltered, and it remains a permanent feature. It not inlrec^neutly happens 
'that i»ucb ticcessory spits iire formed at inter\'aL» during the construction of 
a long embanknmit, and are preserved as a series of short branches on the 
lee side. 

It may occur also that a spit at a cerbun stage of its growth becomes 

es[K;cially siibjt'ct f«> some coiifli«"tin<^ ciirn>nt, so that its normal ;fn>wth 
ci'a.ses, and all tlie shore drift trans])(»rted ahnijf it goes to the construction 
of tlur branch. The bent embankment thus pnjduced is called u hmk. 

Tlie currents efficient in the formation of a hook do not cooperate 
simultaneously, but exercise their fimctions in altenuitiou. The one, during 
the prevalence of certain winds, brings the shore drift to tlie angle and 
acctnnulates it there; t!ie otlier, during tli' pirvalence of other winds, de- 
m< dishes the new structuru uuU i-edei>osit8 the miit<»rial upon the other limb 
of the huok. 
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In case tlic land ou wliieli it Ih tuuscd is u sleuder jicuiti.Hula or a small 
iiland, past which the cuments incited by various wiud» nweep with little 
modilicatiou of direction by tlie local coofiga»tion, the hook no longer \u» 
tlie dhaip angle duo to the action of two cairents only, but leeeives a curved 
form. 

ITnok.s fm' of compiinifivi'ly raix' occui rcnci' dii l;ik<- sliares, but abound 
at the tntiurlts nt inariiu> estuariff^ where liitoi-al and tidal cuiTents conflict 

Plate V repiX'sentft a veeun'ed gpit on the diore of I^ke Hi«.-lii<^an, seen 
from a neighboring bluif. Tlie general direction of its construcHou is from 

left to ri-rlit, l)ut stonns from the right have from timo to tinu' tumcd itri end 
towanl till' land and the anocessive recorvements are clearly diacenuble near 

the apex. 

i'lic moU" onclu.Hiiifi TiiroMto liarljor on the shore of Lake Untariv* is a 
hook of unnraal coiu)ik-\ity, and'the fact that ita growth threatens to cloee 
the entrance to the harbor has led to its thorough study by engineers. 
Especially has its histt»ry been developed by Fleming in a rlassic essay to 
wliii-li refmnu'i* has alread\ )it < d made. A hill of drift pnyects as a cape 
frop! tlic north shore of tlie lak^-. Tlie jfreatei^t waves reaeliintr it, those 
ha\ iiiji^ the greatest feteh, are from the east (see Fig. 10), and the cooper- 
ating current flows fr<ini east to west As 
the hill gradually yields to tlie waves, its 
eoaner material trails westward, building a 
spit. Tlie waves an<l curi'ents set in mo- 
tion liv southwesterly winds caiTV the spit 
end northward, producing a hook. In the fik id - imxtu. .r uk. <m„io, ic^m 
past tlie westward movement Im lieeu tlie diRKUow. 
more powerful and the spit hns cMitinued to grow in that (Erection, its nordi- 
em edge being fringed with the sand ridges due to suoeearive recurvements, 
but the shape of the bottom hm introduced a change of conditions. The w atcr 
at the wo^it rnd of the spit is now deep, and the extension of the oinliniik- 
lueiit is eonv.-^pondingly slow. The nortlnvanl drift, being no loii;.n r miIi- 
ject to frequent shifting of position, luw cunmlutivo effect on the tenninal 
hook and gives it a greater length than the others. In the chart of the har- 
bor (Fig, 1 1) die composite diameter of the mole is readily traced. It may 
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also \h- seen that tlu' cikIs (if tlit- successive liooks are coiiiiectefl hv a heacli, 
the work of wiivi's {jeiuTJitetl within tin; hiulHir l)V iioitherlv wiiui*.' It will 
be obsenred furthernaore that while the west end of tlie Mpit is continttoiuly 
fringed by recurved ridges its eastern port is qoite free from them. This 
does not iii<Ii< afe that tlie spit was siinjihf and unhooked in tlie early sta<jes 
of growth, but tliat its initial ridge lias disappeared. As the clid' is eroded, 




Fia. U.— Uap of t>ic hulior ikui pi iimsul* illaak> at ToroBlo. Ttwm ebuta pnbllabed by B. T. Hluil, In IBM.* 



its position constantly shifts landward, the shore onrrent follows, and the 
lakeward faee of the spit is earried away so that the wa\es hreuk over it, 
and tlieu a new crest is built by thu wuves just back of the line of the old 
one.' By this process of partial destruction and renewal the sjnt retreats, 
keeping pace with tiie retreating cliU At an earlier stage of the process 
die spit iiiny have had the position and form indicated by tlie dotted (uit* 
line, iMit whatever hoolu fringed its inner nuugin have disappeared in the 
process of i-utreat. 

>Tlw nanib OMapyiag part of th* ipaM tatwM* th»ipitftiidtteaKiiilaad(F|g.Il)ia<«l7 
iiMMmUllyamiiaetad withtlMltataMMidartfiBHiiaa. A aaalt itnu, the nan, mmIim tto Oom 
or tiM lmk« withiB Um tnet pivtMtod ftmn w»vm If th* book Mkl la tlraa MMbM t« «awti«*» « Ml« 
wi(k ItoMdlmnt. 

*B*port Ml tlw ptMratioa aoS iHynmiMat af Tanato HairiNiir. In Sandaaiant to Caaadiaa 
Jenmat, 18M. 

*At the pceaeattlBatliaapitlaSivideit near the mltSdle, a natural lireochhaTlBKbaaa artlflalallr 
{inTMilcd Oom bealiBf. Tba ftlUtmti Ibe pcmnsuU fringgd by •noccwive bookaaUada aa <ta Mairf. 
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Th© laudwurJ iilul'tiug lUusti-uted by tlie Toronto liciok Htitu-tK many 
embankniente, but not all. It ordinarily occurs when the ^nbankment » 
built in deep water and the source of its material is eloae at haiuL Wlierever 
it i» known that an embankment han at Home time been breached by the 

waves, it may be awnunied with Cfinfidencc tluit rctrt-at i.-* in |)ro;ri-css. 

As rctn'iit pro^i's-s^'s tlu' laN'crs cniistitiiti!)^ tlir« (■nili.-mk'inciit ;in> trmi- 
cattMl Ht top, and new layei-s are added on tin- landward side. In tiic result- 
ing structure the previiiling dip in landward (Fi^r- 12), and it is thereby 
distinguished from all otlier fonns of lacustrine tteposition. Tlii« Ktruetnre 
was first described and exi)lained by Fleming, who observed it in a railway 
cutting through an ancient s]iit.' 

Tht !.oo».— Just as the spit, by ail\ anciii;: until ii n jniiis tlie shore, lucojiies 
a bar, t*i> the completed hook may witli jtrojiriety be cttlli <l a hmpi^r n looped 
bar. Inhere is, hM\\ ( \ er, si somewhat diffeiuut fcjiture to wliidi tlie name is 
more Btrikuigly applicable^ A small island standing near the main-land is 
usually furnished on each side with a spit streaming toward the land, These 
spits are compos«'d of detritus eroded from the Inkewanl i'a( (> of the island) 
!Vir:n'iist which beat the waves generated thron'^li rlie I)road exjjanse. Tlie 
cuririil.-* accompanyinir the wavc-s are not iiiiitniTn in di?*<>cfifm, hut vary 
Willi till' wind tliroiigii a wniv angle; and the spits, in syinpatiiy with tlie 
varying <lirection of ctarenttf, are curved mward toward tlie island. If their 
extremities coalesce, they constitute together a perfect loop, resembling, 
when tnap*)ed, a fetftoou pendent from the side^ of the island. 

Such a lo<»i) in the fossil condition, that is, wlien proserved as a vestige 
of till' >h<iro iif nil t-xtiuct lake, lias the fnrm of a crater rim. the basin of 
the iifi;^-iiia! lauiiuii iTMiainiii;;' as an undraincil Imllnw. The acconipanying 
illustration (PI. \ I) represents an island <it Lake lionneville stsutdiiig on tlic 
desert near what is known as tlie *'01d River Bed." Tlie nucleus of solid 
rock was in this instance nearly demolislied before tlie woric of tlie waves 
was arrested by the lowering of the water. 

Th« w.v«.boiit Terr«c«.-It lia ilr idy boeii jioiuted out that when a separa- 
tion of tlie littoral cniTent from the coast line is brought about bv a diverg- 
eii(<- (it till' current rather than of the coast line, there aiv two cases, in the 

' NotoB OQ tbe Itavenpoli gravel drift. CanuUiaa Juuruitl, New Scriei, vul, 6, jip. iU7-3!U. 
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first of which tlic current conthiues at the surtace, while in the second it 
dives beneath the surface. It is now necessary to make a further distiuc- 
tion. The euirent departing from the ahore, but renuunmg at the raifoce, 
may continue with its ori^nal velocify or it may aasume » greater cross- 
■ectioa and a diminished velocity. In the first eaae the shore drift is Ixiilt 
Into a spit or other linear embaiikiiicnt. In the second case it is built into 
a ternu'*'. The «|uaiititv of shore «h-ift moved dcjxMids on the nta^fiiittide of 
the waves; but tlie »iH'.vd <tf tniusit dcjxinds on tlie velocity of the current, 
and wherever tliat velocity diminishes, the accession of shore drift must 
exceed the traaamisnon, canmng aceumuUtira to take plaoe. Tliia aoenmu- 
lation occurs, not at the end of the beach, but cm its face, carrying its mtue 
profile liikewanl and producing by the expansion of its crest a tract of new- 
made land. If afterward the water disaj>|iears, as in the case of an extinct 
lake, the iiew-iiiade land has the character of a terrace. A current which 
leaves the shore by desceiuling, pnicticnlly produces at the shore a diniinu- 
ti(m of flow, and tJio resulting crabankiueut is nearly identical with tliat of 
a slackening superfidal cmrent 

The wave-bnilt terrace is distinct frmn die wave<at terrace in lliat It 
is a work of construction, being composed entirely of shore drift, while die 
wave-cut ternice is the result of cxcavntinn, miuI consists of the pre-existent 
ternme of the loi ality. Tlie wave-built terr;u e is an advancinnr embank- 
ment, and its internal structure is characterized by a lakeward dip (Fig. 13). 
It M thus contrasted with the retreating embankment (Fig. 12). 




•faUaMTl 




Fia. 13.— fltcUna of b WaivMtt TWtm*. 

Tlie surface of the wave-built terrace, considered as a whole, is level, 
but in detail it is tmeveu, coasistiog of parallel ridges, usually curved. Each 
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of tliCHO ia referable to Home exceptional «ionn, the waves of which threw 
the shore drift to an unasual height. 

Where the shore drift coniusts vhoUy or in laige part of sand, and the 
prevaOing winds are toward tlie shore, the wave-butlt terrace gives oripn to 

dunes, which are apt to mask Its nonnnl i-ibbcd stnictore. 

Tlie loeality iimst favorable tor the tonnafion of a wave-built terraee 
is the head of a triangular bay, up which tlie wuvets innn a large botiy of 
water ai-e rolled without ob-structiou. The wind swuepiug up such a bay 
carries the surface of the water before it, and the only letam currant is an 
undertow originating near the head of the bay. Tlie snperfidal advance of 
the water constitiitfis on ejich shore a littoral current 00nveyiU{^ shore drift 
towanl tlic hi'iid uf the ami iis tln'si- littoral ciirrents are (ItinlnlsIicJ 

and fin:ill V t inirclv ilissipaled by abiiorption in tlio inuliTtow, thv shoiv drift 
taken up along the sides of the bay is deposited. If the head of the bay is 
acute, the first embankment built is a curved bar tangent to the ndes and con- 
cave toward the open water. To the hoe of this successive additions are 
made, and a teiTaec is nrradually produced, the oomponimt ridges of which 
are appr«>ximately parallel The sharpest curvature is usually at the ex* 
treine head of the ha v. 

file converging currents of smth a bay g^ive rise to an undertow which 
is of exceptional velocity, so that it transports with it not uidy the finest 
detrittis hut also coarser matter, such as elsewhere is usually retidned in the 
sone of wave actitm. In eflect there is a resorting of the materia]. The 
shore drift that htu* traveled along the xulm of die bay towanl its head, is 
divirlod mio two ])oiiions, t!u' finer of wliirli passes mTt with the reinforced 
undertow, while the coarner only if* built into tlie terrace. 

Ttev-Ttmc* ■■«v-8ar.-lt ix'Hiains to dcscribe a type of terrace for which no 
satiafiictory explanation has been readied. The shores of the andmit Pleis- 
tocene lakes afford numerous examples, but those of recent lakes are nearly 
devoid of them, and the w riter ha.s never had ojiportunity to examine one 
in process of foi-mation. They are triangular in ground plan, and would 
claim the title of delta were it not fippropriated, for they simulate the Greek 
letter more strikingly than do the river-mouth structures. They are buili 
against coasts <tf even outitne, and ttsually, but not always, upon slight 
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salientx, and ihay occur mowt irequeutly iu the loug, uarrow aniuj of old 

One side of the triAn^to rests agtuittt the land end the oppoeHe angle 
pointa toward the open water. The free ndes meet the land with Khm-t 
curve** of adjustment, and apjjear othmvis*' to noruiaily straight, althou<;h 
tliey cxhihit i ihuh'X, con<"av«', and sigmoid fl(fxurc's. TIh' growth is hy iul- 
ditions to one f>r both of the fix*e sides; and tlx^ nucleus aj>)K'ars always to 
have Ik'cu a miniature triaii^lar terrace, closely res^emblinif the final stnu't- . 
ure in ><haj)e. In the BcMineviUe examples the lakeward slope of the terrace 
is usually very steep down to tlie Ime where it joius the preexistent slope 
of the bottom. 

There sci-rris no roiison to doubt that these embnukments, like the 
others, wi re hiiilr liy c-urrents and wave«», attd sueh l)eing tije en^e fh«> for- 
mative currents must have diverged from tiie shore at one orbotii the laud- 
ward angles of the tarrBOOy but the oonditiou dotomuning this divergence 
doee not appear. 

In some cases tho two margins appear to have been detennined by cur- 
rents approaching the temice (doubtless at dirt'erent times) from <)j)jM>site 
direcUons; and then the ternsre margins aix' concave outward, ;nid tlirtr 
couHuence ii* prolongeci in a more or less irregular point. In most Ciises, 
however, the shore drift appears to have been carried by one current from 
die mainland along one margin of the terrace to the apex, and by another 
current along the remaining side of the terrace back to the mainland. The 
contours are then either straight or convex. 

In Lake Hoimeville it Imppeiicfl tluif after the Ix'sf defined of these ter- 
races had ntT.iine<l nearly their tinal width the lake inerertHi d ia sixe, so that 
they weie Innnersed Ix'ueath a few feet of water. While the lake stood at 
the higher level, additions were made to the terraces by the building of lin- 
ear embankments at their outer margins. . Tliese were carried to the water 
surface, and a triangular lagoon was imprisoned at each locality. The sites 
of these lagoons are now repiwented by flat triangitl.ir b i-^in-. ench walled 
in bv fi bsir bent in the form of ;i V. These l);ir> were :it tir>t observed 
witliout a clear »"onception of the tenace on which they were founded, and 
the name V-ior wa« applied. The V-bar, while a conspicuous feature o£ 
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tho Boimoville i^horoH, in not believed to be a uonnal feature of laken laam- 
taiiiiug a cuunUuit level. 

DRIFTING sand; DUNES. 

Tilt' tlnm M not an esaentiat shore ieature, but i& aii accessory of fre- 
(jui'iit occurrence. 

Duues are formed wherever the wind drUb waai aeross the land. The 
conditions eaiiential to their prodacdoii are wind, a supply of sand, and 
sterility or the ahsonce of a proteetive vegetal growth. In ai-id regions 
sterility i« affonUMl by the cHtnutic coixlitioiiH, and tha mud furnislKMl by 
river bai-s Iniil linri' nt low water, nn<l hv thr flisint<'<:nitiou of s.nul ror-ks, 
is taken up l»y llie wind aii<l built into dunes; bat wlicn- niin i.s ubuuiiant, 
ai-('uinulation« of such sort arc protected by vegetation, and the only sources 
of Hiipply are sliorea, either modem or ancient 

Sliore drift nearly always ooDtaiiui some aand, and is frequmily com- 
posed exclusively therL>of. The imdertow canries off t}ie clay, which nii<,'ht 
otherwise ludd the aixml |MU-ticles ti»p:cfli"r and prevent their l emoval l)y the 
wind; iind ])eblih'S and bo\v!<lers, h, bv their sii]»('rii>r \\t't»rht opjiose 
win*l action, are less able to withstand the attrition of liltoml transjiortatiuii, 
and disappear by disinteigration from any train of shore drifk which travels 
a couwderable distance. Embankments are therefore apt to be con^xwed 
lAtgely of sand; and the crests of anlwnkments, being exposed to the air 
dm-in^ the intervals iMtween' great stormsy yield dry sand to the gender 
winds. 

The sand drifted tVtun tiie crests of free embankments, such as barriers, 
ij|>its, and Uai-s, quickly reaches the water on one side or the other. What 
is blown to the lokoward side falls witliin the zone of wave action^ and is 
again woriced over as sliore drif^. What is blown to the landward side ex- 
tends the area of the embankment, correspondingly encroaching on the 
lagoon or bay. 

Sinid VjIiiwii from the crests of embankments restinfj npffinist the land, 
such iw Ix^iiches and terraces, will spread over the land it tiic |ir( \ ailinjj 
wind is favonible. lu casus where the prevailing wind is toward the lake 
the general movement of sand is, of course, in that diraettoo, and it is merdy 
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HQtamed to llie loiie of Hh) waves and roadded to &» ahon drift; but irhem 
the prevailing wmde are toward the land, dunes are focmed and dowl j rolled 
forward by tlio wind. The Bttpply of dry Mttd afforded by beachee is com- 
paratn ( 1 y i^inali, and dunes of inii^itude are not often f<»rn)ed from it. The 
great .sand majjfazinfH ai-e wavt -lniilt t* rmcPH, and it is from theso that the 
trains of sand «o fnniiiihihlf tn ii-^n-iciiltiin' liav c nri^iiiati'il. 

The tuutds iU't-innuhitcd on thi* shores of lake^ and oceans now extinct 
are Bometimes so clean that vegetation acquires no foothold^ and the wind 
•tin holds dominion. The "oak openings" of Western States are usually 
of this nature; and in the Great Brnhi tliere are numerous liains of dunes 
c«>nveying merely the sand accumulated on the shores of the Pletstooene 
hikoR. 

One product of litroni] (1( position — tlic delta—n'mains undoscrihtMl ; 
but this is so «li»tinct from tUv emiiankincnt, not only in fonn but in process 
of oonstmetion, that its consideration will be deferred until the intemtbtloDa 
of the three proeesses already described have been discussed. 

THB DI8TBIBUTIOX OF WAVE-WBOUOHT SHOKG FEATURES. 

Upon every coast thei-e are certain tracts UTi(li i i:(riiig erosion; certain 
others recoivt» the j^rndurts of cmxinn, and the iuti i \ uls nro o<'cupied by tlie 
structures pci uliar to tr;insportarion. Jx't us now in(|uire what are the con- 
ditions detennining these tliree pluu>es of shore shaping. 

It will be convenient to consider first the conditions of transportation. 
In ordw Aat a particular portion of shore shall be the sceno of littoral trans- 
portation, it is essential, first, that there be a supply of sliorc (h-ift; second, 
that there be shore at-tion by waves and currents; and in order that the 
local pn>cess In- tiaus])ori!itinn smi])lv, and involve neither erosion nor depo- 
sition, a certain ( iiuilihriiiin niiist exist l)utwt;eu tiie «jtiantity of the !<lioro 
drift on the one haml and tht? jjowcr of the waves and cuiTcuts on tlie other. 
On the whole this equilibrium is a delicate one, but within certain narrow 
Kmtts it is stable. That is to say, there are certain slight variations of the 
individual conditions of equilibrium, wluch disturb the equilibrium only in 
a manner trading to its immediate readjustment For example, if the shore 
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drift reroivcs loi-ally a small incrciiit^nt fntiii streniii «Irift, this increment, by 
juMiurr to tlie shore contour, encroaches on the margin of tlic littnral current 
unfi prinUiceH a local uc<-eleration, which acceleration lea<is to tlie removal 
of the obstruction. SiiuiUu-ly, if from sumu temporary cause there is a local 
defect of shore drift, the testiltiag indeatation of the shore contour «1aek«i« 
the littoral euirent aud cause* deixxntion, whereby the equilibriam is restored. 
Or if the fon-e of the wavett in broken at some point by a temporal ) obstruc- 
titm outside the line of breakers, as for ('\am|ile by a wreck, tin- locnl dijni- 
nntion of wnve ajritation produce"! tm jicr nninlntirm of shore drift wherfby 
the littoral current U uarruwed aud tbu;^ accelerated uutii au adjustuieut is 
reached. 

Outside the Ihnits thus hidicated everything wUch (^Btnilig the adjost- 
ment between quantity of sliore^ft and caparaty of shore agents leads tidier 

to projJTVssive locnl erf)siuii or else to j>ro<fressive local de|KJSttion. The 
Htretclies of coast which either lose or gain ground are decidedly in exoess of 
those which merely hold their own. 

An excessive supply of shore drift over and above what the associated 
current and waves are competent to transport leads to deposition. This 
ocean where a stream of sraie magnitude adds its quota of debris. A mod- 
erate excess of tiiis nature is disposed of by the formation of a wave^built 
temice on the lee side of the mouth of the stream, that is, on the side toward 
which flows the littoral cuirent accomiNinyin;? the j^^reatest waves. A gntnt 
exce.ss leads to the fomiritiou of a delta, in which the stream itself is the con- 
structing agent and the influence of waA cs is subordinate. 

Ou tlie oilier hand, tliera is a constant loss of diore drift by attrition, 
tfie particles in trannt being gradually reduced in siso until tliey are removed 
from the littoral zone by tlie undertow. As a result of tiie defect thus occa- 
nonedi a part, of the energy of tin- \\ a\ ( s Is expended on the subjacent 
terrane, and the work of transjuirtation is locnily acc(>ni]i!niii il by a sufficient 
amount of erosion to replenish the wastitifr shore ilrit't. h'or tlic TTiaiiitcti.nnce 
of a continuous b'each in a jwrnianent jwsirion, it apiiears to be ut!ce.s.sary 
tliat small streams shall contribute enough debris to compensate for the 
waste by attrition. 
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Theorctir.'illv, traTisportiiHnn mnst; Ix- fxrhnn^joil for erosion wherever 
tltere is ii local iuci-oajm in tlie luagiiituile o{ waves, and ior dejM>»itiou >vh&re 
there ia a local decrease of waves; but practically the proportionB of waves 
an so doeely assodated with the vdoeiti«» of the acoorapanying currents 
that their effeeta have not heen distingoished. 

The factor which most fre(jiiently, by its variation, «Iisturl)s the ei|ui- 
lilirium of shore action is the littoral current. It has already been |Hmit('*l 
out that wherever it leaves the shore, shore drift is de|N>sited; and it is 
etpially true tlmt wherever it comes into existence by the impinging of im 
open-water current uu Uio Bliure, »hort) drift is taken up and the tcnmne is 
eroded. It has been shown also Aat the retardation of the littoral current 
piroduoes deposition, and it is equally true that its acceleration causes ero- 
sion. Fjvery variation, therefore, in the direction or veha ity of tlie curr^t 
at the shore has a definite effect in the deteimination of the local shofB 
process. 

Reeatrant angles of the coast are always, and reentrant curves are 
usually, placvH of deposition. The reason for <h» is twofold: first, ouiTents 
which follow the shore move with duninished velocity in patising reentrants; 
aeoondf cunents directed toward tJie shore escape from reentrants only by 
undertow, and, as heretofore explained, build tenaces at the heads of the 
embayments. 

SfilipTit angles are usually erod<>d, nnd salient cun'es noaily always, 
tlie reasons being, first, that a current following tUu «hure is relatively swift 
opposite a salient, and, second, that a current directed towaid the shore is 
apt to be divided by a ndient, itd halves being converted into littoral cur- 
rents transporting shore drift in opposite diroctionB auxijf from the salient 

Some salient angles, on the contrary, grow by ileposition 'I'liis occurs 
wIktc the most unporfant current approaches by following tlu' sliurc ami is 
thrown off to deep water by a salii-nt The most Tintfible iiisraiiciv- an' tnuiid 
ou tlie sides of narrow lakes or amis of lakes, in which i-juse currents a{)pn»acli- 
ing from the direction of the length are accompanied by greater waves than 
those blown from tlie direction of tlie opposite shore, and therefore dominate 
in the detennination of the local action. 
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It thus appears that tiiere is a f»»»neral tendency to the erosion of "alieiita 
au»l tiio tilling of cmbHyments, or to the simplifieatiou of const outlines. This 
tendency ig niustrated uot only by the shores of all lakes, but by the ooastH of 
all oceans. In the latter ca«e it is slightly dimimithed by the action of tides, 
which oceasiou currents tending^ to keep o|ii'ii ili< nioutlts of estuaries, but 
it is neveitheless the piX'vailin;^ teuth'iicv. The i<lea wliich soiuetinies ap- 
pears in ])o|)ulin- writinL'-i that einbayments of the eoa-i^t are entfti out l>y 
the ocean is a survival ot tho untitpiutt-d theory that the st-ulpture ot the 
land it^ u result of " mnrine denudation.** It is now understood that the divert 
sities of land topogmi^hy m-e wrought by stream erosion. 

Figure 8, repreflenting about seven miles of the diore of Lake Ontario, 
illustrates the t(Mi<lency towaid simplification. Each bluff of the shore mark.i 
tlie truncation by the waves of a cape that was originally more sjilient. Each 
beach records t!ie ]>;irtial filling of an orif^itinl bnv. EiicJi hnr is a wnve- 
built structure partitioning a deep reentrant from the o[>en lukv. Tlu' la- 
goons receive the detritus firora the streams of tho land and are filling; partly 
for this reason there is a local defect of shore drift, and the coast is receding 
by erosion; and by this double procoM the original reentrants are suffering 
oomplete effacement. For the "ii-,Mn;il mast lim — h sinuoas contour on a 
««urface iriod<)ed by glacial nn«I fiuvial agencies — will be substituted a re la* 
tivcly short line of simple curvatun-. 

Tlie siniplitication *)f u coast liuc is a work invohing time, and the 
amount of irork acoomplidied on a parlieuhv coast aflbrds a relative meas- 
ure of the time consumed. There are many modifying oonifitions— the 
fetch of waves, the off-shore depth, die material of the land, the origiiuil 
conligunition, etc. — and tlu^se leave no hope of an absolute measure; but 
it i^ jto.ssible to distingtti^h tlie yt>ung cosint fmni the mature. When a 
water level is newly establi-^licd iijrainst l;iud with >inii<>us coTit4)ur, the tirst 
work of the waves is tJio production of tiie Ijoacli prohie. Un the gentlest 
slopes they do this by exoavaiiDg die tensne at the pdnt where Aey first 
hresk and throwhig the material shoreward so as to build a barriiwr. Onall 
odier slopes they establish the profile by carving a terraoe with its correla- 
tive cliff Tbo ooarser products tenaoe-cutting gather at ihe ontar edga 
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of the terrace, liclpin^^ tn inrreiiSL' its Ijreadtli; the finer tall in deeper water 
and help to eijualize tlnj oll-siiore clepth. The t*;rruc« grmhially iucreaned 
by thii doublu pruceiw of cutting and filling until it has attained a certain 
nunimum widdi ewential to the trai»poitatioa of shore drift. This width k 
for each locality a function of the m» of the greatest wavesw Before it is 
reached, the fragmcnt.s detju-hed froiu the vVifi' linj^'r ))ut a short time on tlie 
face of the terraee; after a few excursions up and down the sh)p« they come 
to rest at tlio cd}?c of the deeper wat« r Wlw ii it is rea«'hcd — when the 
beach profile is complete — the excavated trajpnentst torn from the cliff no 
longer oiM:ape from the zone of wave aiCtion, but are rolled to and fro by the 
wavee of ev«y storm, lose their angles by attrition, and are drifted along 
by the shore current It may happen that the material of the cliff is a 
|r]-avel, already rounded by some earlier and independent process, Imt when 
thiH is not the caj**', tlic ciit-temice.s of adolescent mn] inntnre coasts ai*e 
distinguished by tluT an<rular fnttiis on the one hand ami the roimded fonns 
on tiie other of the associated detrititH. When Uie fonnatiun of shore drift 
has once been bt-guit, its further devdopment and the develoiunent of effi- 
cient shore eurrents are gradual and by reciprocation. The spanning of 
minor reoessee of the coaat-line by its beach helps to smooth the way for 
the shore current, and the current promotes thobeadi. Etnlunikinents come 
later, when wavs have Ixjcn stmiirlifeTicd for tlio enrrent and sin nc drift, 
and tlioso first constructed usualK' attempt the partition ot" onI\- small em- 
baymonts. The more extended and powertul siiore currents, competent to 
qian tiie bays between tiie greater headlands, become possible only after 
minor mgoUties of coast and bottom have disappeared. 

Low but neariy continuous sea-difb mark the adolescent coast; simple 
contours and a conlon of sand, uitersi>erse<l with hitrh cliffs, mark the mature 
coast. As H result of the inconstancy of tlie relations of land and u at' r, it 
is probable that all c-oastsfall under these heads, but Kichthofen has sketched 
the featureti of the dieoretic senile coasL' Am sca-cliffd retreat iuid terraces 
grow broader the eneigy cS the waves is (Sstributed over a wider xone and 
Its erosive work hi diminished. The residting defect of shore drift permits 

* FShiw ttr yiBn«kiBtininBd«, 9. m 
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tlie erosion of embiuikmeiits, and tlic witlidniwui of their pi-otectioii extends 
the line of cliff; but eventually the whole line is driven hack to its limit 
aiul erfMsion ceneefl. The cliiTs, no longer sapped by tlie wavee, yield (o 
atmoMplicric aji^nciee and blend witli tlie geueml topography of the land. 
Siiori' «lrift is still HU]t]iru'd l)y the »tream« jiiid is spread over th(* broad lit- 
toral tihoal, where it lies until ao comminuted by tiie waves tliat it can float 
away. 

The length of the jxiriod of adolescence varies witli local conditious. 
Where the waves are powerful, maturity comes sooner than where they are 
weak. It oitmea Kooner, too, where the material to be moved by the waves 
18 soft or iucoli(>rcnt than where it i.s luird and firm; and tt cotneK early 
where the suhinerj^ed eontoiirs* an<l the eoiitoiir at the water's ed<rt^ have 
few iiTC'^iiliirifit'r*. l)itf(^rent parts of the Kfiine ruit'^t nccorflitiir'v illustrate 
ditfeixmt stagi's of development. The slxtres of Lak<» lionneville ai-e in 
geneml mature^ hut in small sheltered bays they are adoleaoent The 
shore Lake Ontario is in general mature, being traced on a surface of 
gladal drift, hut near the outlet u a region of bare, hard rock disposed m 
promontories atid islands, and there nmch of the coast is ;irlr>lescent. 

llie clfUisic "|i;ir;tlli l nmds" of (lien Hov in Srntlaml illiisti-.itc the ado- 
lescent type, and tliis altliough the local conditions favor rapid tlevektpment. 
The smooth contours of the valley gave no obtitruction to shore currents, 
depth and. length of lake permitted the raiung of large waves, and a mantle 
of gtacial drift affiorded material for shore drift; but the beach profile was 
not completed, the bowlders of the i i v terraces are still subangular, 
Hnd there are no ciiilt.MikDu'iit.^. It Ik fairly inferred that the time repre* 
aeutod by each shorc-Uuo was short 

STRHAH WOBK; THS DBIiTA. 

The detritus brought to lakeii by tan&W streams is overwhelmed hy shore 
drift ai^ merges with it The tribute of large streams, on the contrary, 
overwhelms the shore drift and accumulates in deltas. In the formation of 
a normal delta the stream is the active agent, the lake is the passive xedpiCTt, 
and wav( s ]ilay no essMitial part 

MOW I — 8 
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Tho procetw of delta foniuition (Iciih-ikIh HliuoHt wholly on the lollowiiig 
law : TIte lapacUif a$id competence of a :itrc<m /or lAe ifmtjforttttien of dttribi$ 
are mereaaed atut dimm^tcd bjf the iiiereme and SnmttiiiMt nf the vdocUif. Tlio- 
capadty of » Mtream i» meaaared by die total luod of debrin uf a giveu fiiio- 
uesil wliidi it ran cany, lu compotmce \x, nicasiired by tho mtixiiiiiun rin 
of the particU's it can ninv»\ A swift t-urrunt in able to transport Ixtth more 
matter and coai-ser matter tlian a slow rum'nt. T!i(> coiTiiti'teTu-o depends 
ou tlie velocity of the water at the bottom of the chamiel, for the largest 
particles the straam can move are merely rolled along the ijottom. Finer 
paiticl«« are lifted from the bottom by threads of current tending more or 
lew upward, and before they rink again are carried forward by the g^Mral 
flow. Their Kns))ensi(»n is initiated hy the bottom current^ Imt tho l«igth 
and speed of their excursion de|KMid on the geuend velocity of the current. 
Caj>acity is therefore n fmirtion of th«' velocity of the more superficial threads 
of current as well as of those which follow the bottom. 

Suppose tlint a river fieigfated with the wa»teof the hmd is newly made 
tributary to a lake. Its water flowa to the shore, and shoots out thenee 
ov«r* the rdatively still lake water nnlJl its momentum has been communi- 
cated by friction to so large a body of water as to practically dissipate its 
velocif V. From ihe slion* out^vard tlir velocity ;it tlio Ixtttom is the velocity 
of the lukr water ami not that of tlic river water, ami is inconsiderable. The 
tiutilt) load consei|ueiitiy sinks to a tinal rusting jdace and becomeii a depoiiit. 
The coarse particles go down in tmmM£ate contiguity to the shora The 
finest are carried for out before they escape from the superficial stratum of 
river water. 

Tho sinking of the coai-se material at the shoi-e has tho effect of build- 
ing out a platform at tho level of the bottom nf the river channel. Pftstulate 
the t;onstructit)n of this platfonn for some distance from the shon! without 
any modificutiuu of the lougitudluol profile of the river, the river surface 
doBcending to the shore and then becomhig horisoutaL Evidently, the hor- 
iaontsl portion has no energy of descent to propel it, and yet is opposed by 
friction; [t» velocity is, therefore, retarded, its capacity and competence are 

It IS M.utt tbal MtliH' gi.-K'ii'r-d'il Ktri'auio on cnii'rni^ I.iki-ji [iiixs niidor lUatWUi Pf 4tW tb> Ukm 
wkter sud titat peculiar dolts featarea rewilt, but tbeae are uiit fully deacnbed. 
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consequt'iitly dijniTiislicil, and it ilntjis mma of its loud. The fall «if dftritm 
builds up tlu! Intttom ut tin- |Mtiiit vslicn- ri takes plar*-, am! causes a clicck- 
in<; of the curmit iuuuttdialrly abov*? (up stn-am}. Tlii** in luni causes a 
dvpo ut; and » ruK^tfioetttioii of retardation and doiMinition cmitiiiiwi! until 
the profile of the streHin luw acqnirod n continuouit gmdo from ito mouth at 

extremity of the uew |>]atforni baekward to Home ute^r part of ito 
cliannt'1 — a rontinuoUK <rnidf Kuflicicnt t«> ^nvo it a velocity ad(.'«|uate to its 
load. The )instul:itc ix, of course, ideal. The river doe-; intt in fai l lutiH 
a level bed and afu-rwanl elian«^' it to a sIo|ie, hut camt-s forward llie wli(»l<' 
work Ht uuce, luaintuiuui^ contiuuou.sly an adju;»tJnent Ix^tweeu it!< gradu 
and its work. Horeovor» uince the de|KMitfoii begins at some distance from 
the mouth, the leatiening load doM not require a uniform grade and doei 
not produce it The grade dimini.shes gradually lakeward to the foot of the 
dejHtsit Mloj)e, so thnt tlii- Imi^ritudinal jirotile is slij^htly eoneave upwanl. 
At tilt' head ul the dejM»sit slt>|M' tin re often an abrupt cliange of gni4le. 
At its foot, whcrts thtj maximum de]M»»it is uuidu, thcro is an abrupt ehaiigti 
of a double character; the incline of the river mrfiice is exchanged for the 
horiiontal plane of the lake autfiuse; the incline of the river bottmn is ex> 
changed for the steeper incline of the delta fiiont 

Tlie river current is swifter in the middle than at the sides, and on a 
de]K)sit slope, where veliM itv ni<'ely adjusted to load, tlie slif^lit ivtarfla- 
tioa at tlu$ aides leads to dc^positiuu of suspended matter. A l>ank is thus 
produced at either hand, so that the watw flows down an elevated sliuce uf 
its own coustructJon. The sides are built up pari paaan widi the bottom, 
but inasmuch m they can bo increased only by overflow, they never quite 
readl the AoikI level of the water surface. A river thus <-ontained, and a 
river channel tlms ( (msti'iirteil, tinisttttite an tuistahle condnnatioti So long 
its the i)<ink approximates « lo.H«4y to tlie level of the suri'ac<> at tiood .stage, 
tlie curreut across the bauk is slower than the current of the stream, and 
deposits silt instead of excavating; but whenever an acddenlal cause so 
fmr lowers the bauk at some point that the current across it during flood 
no longer makes a deposit, there begins an erosion of the bank which 
increa.ses rapidly as the v<dmnc of csciininjr water is augmetitefl. A 
side channel b thuii productid, which uvcutually becomes deeper than the 
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main or orif^Hiil cluiimt l ami i|r;i\\ s in llic jrn-atcr piiii or pcrliaps all of the 
water. The aliility vl the new i-haiiiicl to drain the <*1<1 one <1i-jk-iu1h ou twu 
things: firat, die outer slope o{ Uie bank, from tlie drottnuitanceB of its oon- 
straction, is steeper than the descent of the bottom of the channel; second^ 
the first-iiinde i^Iinnnel, although orij^nally following Ao shortest roiito to 
the lake, has so far incn>as«'(l its l<'ii<rth hy the extension of its mouth that 
the water fsca])iii<j over its l»aiik may tiinl a shorter route. The river 
ehaiiiu l is thus »hittod, uiiil itn luuuth u» trausturrcd to a new puiut uu tiie 
lake »liun). 

Bqietition of tJiis process transfers die vrmk of alluvial deposition from 
place to pkce, and causes the river to build a slojnng plain instead of a 

iHkc. TIic h»wer edge of the p! in i < verywheru equidistant from 
the ht'Uil of tlie (ie|msit sl(i|«', and has tlieretore the fonn of u eireuhir are. 
The inelination is in all din i tioiis tlie same, varyinjr only with the dimin- 
ishin<f grade of tho de^wsit slope, and tho fonn of tho plaiii is thus aiii>ri>xi- 
mately conic. It ia^ in £M;t, identical irith the prodnok qS land-shaping known 
as the alluvial cone or allnvial fim. Tlie symmetry oi the ideal form is 
never attained in fiict, because tlie prooees of shifting implies inequality of 
surface, but the approximation is close in cases wliere the grade of the 
deposit slo]u> is h'vrh, or wliere the area of the delta is large as compared 
with thu 8ize of tlie channel. 




VM. ll<-SMllM*f ftDiMk 



At ihe lake shim tihe manner of depodtion hi different The header 
and coarser part of the river's detrital load, that which it pudies and rolls 

alon<:: the bottom instead of camng by susj>en8ion, is emptied into the lake 
and Hli(h'» down the fare of the delta with no impidse Init tliat jriven by it« 
own weif^ht. The sh»])e of the delta face is tlu^ anf^h' of re]>ose of this coarse 
material, subject to such nioditicatiuu na may ixjiiult ti'om agit^itiou waves. 
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The iiuer part of tlio dt^tritui^, tluit vvhicli m tiuiitipurtotl by .suM|icusiuii, id 
carried beyond the delta face, and uiikis more or lew slowly to the bottom. 
Ita ditrtiribation depends on tt» relative finenesB, tlie extremely fine materiiU 

bcing^ widely diffused, and tlu^ coai-si-r falluig near tho foot <»f tlie delta face. 
The depth of the do|H>sit formed from suspeiHliMl material is ^•ivalest near 
tlio deha and tliniiiiishcs p-athially outward, s<i th;if tfie sIojhj ot" the delta 
face merges by a curve witli the slope of the bottom Ix-yond 

Afl the delta is built lakeward, the steeply inclined layers of the delta 
&oe are supeipoeed over the more level strata of the lake bottom, and in 
turn come to support the gently Inclined layers of the delta plain, so that 
any vertical section of a nonnal delt^i exhibits jit the tr»p a iOne of roiii-se 
matorial, Ixddc rl witli n ircntle lakewanl iiu'IrnntioJi, then a zone of similar 
coarse material, the laminatiims of which ituline at a hi<j:h an(^le, and ut 
bottom a zuuc uf tine uiuteriul, the latuinatiou« oi wliich are gently inclined 
and tmite by curves with those of the middle sone. 

The characters of the ibesil delta, or the delta as it ffidsts after the des- 
iccation of tlie lake concerned in its ftmnation, ait> as folh»ws: The upper 
surface is a temico with tlic form of an alluvial f.m Tin luw i i slope or 
face is steep, ran^nni.' tVniu 10" to 2")'^; it joins the upper slope h\ an 
and tlio plain i»elow by a curve. The line separating the upper smlace trom 
the outer s!<^ or face is horitontal, and, in common widi all other horizon- 
tal contonra of the structure, is approximately a circular arc. Tlie upper 
or landward limit of the upper surface is a line h<>n/>>ntally uneven, <lepend- 
in^ on the contours of the anteeedent topojjraphv Tlu^ lower bmit of tlie 
face is a vertically uneven line, depfntlinff on the antecedent ti>[iii<rn(phy as 
raodifieU by lake sediments. The material is detritn! and well ronn<h><l; it 
exhibits well-markc<l lines of depoMitiun, mroly taking tiie cliaracier of bed- 
ding. The atntcture as seen in section is tripartite (Fig. 15). In tlie upper 
^Tk&Mi the lines of depoMtion are parallel to tlie up{)er surface of the delta; 
in the middle division they are parallel to the steep outer far(>, and in the 
low«>r f1ivisif>ii thev an* '^entlv inelined The scpunition of tla- miiltlle rlivis- 
ion friiiii the luw cr is olix uii'. Its scpanition from tin- upper is <lefiniteand 
constitutes a horizontal plane. The fossil delta is in\ariably dividinl into 
two parts by a channel running from its apex to some part of its peri|)hery 
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and or( ii]ii<'(l \>y u stream, tlic !i;r<''it of its < oii.-,tru( ti(ni bccumiug, under 
cluiuged couUitioiiH of hone level, tlit- ajj^t-iit ol (U-iu(»liuoii. 

The fan-lik« outline of the normal delta is modified wherever wave ac- 
tion has an in^ptnrtajioe comparable widi that of stream action. Among the 
great varie^ of forms resulting finom tlu* comltinatiou <if the two a;.''< iH-!fs, 

there is one whirh n-jH'ats itself with siif- 
fii ii-iit fre<iHeuey to dewrve six'ciiil lucii- 
tioii. It <)c<'Ui"s where the forcn of the 
waves 18 cousidernble luid tlie amount 
of shore drift brought by them to the 
ilelta is inconuderable. In sudt caae 
the shore ••unviit from wtlier direction 
is (h'ilei ted by the mass of the ih-lta, and 
wave action adjusts the contour of tlic 
ikdta to coiifonnity with the deHected 
shore euimit If die wave influences 
from opposite directions are equal, the 
ddta takes die form of a symmetric tri- 
angle similar to that of the V-terraee. 

Numerous illustnitions are to be si-en 
on the shores of Seneca and C'ayu<ra 
Lakes, w here the coiulitioUB are peeuliarly favorable. Tlie lalce is long 
and narrow, ho that all the dRdent wave action is associated with strong 
shoro currents, and these alternate in direction. The predominant rock of 
the sidflB is a soft sliale, so easily triturated by the wnve« that the entire 
product of itH erosion escapes with tlie undertow, and no sliore drift remains. 
The sides are strai<rlit. and each tributary stream laiilds out a little promon- 
tory at its mouth, to wliieh tiie waves jfivK ibrm. Soiue of thesti triangular 
deluis embody i)erfectly the Greek letter, but they turn the apex toward the 
water instead of toward the land. 
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ICB WOBK; TRK RAVPAnT. 

This feature dot's imt bfluiif^ to hikm in {feiuTal, but i8 <»t local jiihI 
oxcciitioiial occurrence. It was luuned tlie "Ijike Rjunpart" by Ilitchcm-k, 
vho giiv« di« liiBt aatiflfBctoiy account of ita origin.' Elarlier olMervationii> 
contuning the genn of the explanation of the phenomenon, were made by 
Lee? and A<Iaixuk* A later uml iiult pru- 
dent cxjilanation was ffiven by Wiiitc ' 
In i^'-inii-iUirr of Mitfluock's dcscfij)ti<iii. 

I gave credit in the i' ittlj Annual Keiiort of _ «. , 

the U. 8. Geological Survey to White, and 

myself pxopoaed the name "Shore Wall." I now subatitnte Hitchcock^s 
name, Rampart", being moved thereto not only by the priorit}- and the 
eminent fitness of the name, ))ut by the consideration that "Share Wall" is 
liable t<i be cnnfoundcd with "Sea WhII a teim applied OU some marine 

ooast.s to stee|)-faced embankments i»f shingle. 

The ic« on the surface of a hike expands while forming, so as to crowd 
its edge against tlie shore. A tva^iee lowering of tempemture produces 
oontraction, and this ordinarily results in the opening of vertical iissures. 

Tliese admit tlie water from below, and by the frtn^zinj^ of that water tliey 
are filled, so that wIkmi expansion follows a sul»se<|nent ris<f of temperature 
the iciM'annot assmiH- its (u iLnnMl j)nsitif)ti. It «*onm|ttf' nth- ijicreascs its total 
sirea and exerts a second thrust upon tin- Nltore. Where tlie shore is abrupt, 
tlie ice itself yields, either by cniHhin<,' at the margin or by tlie fonnation 
of anticlinnls olsewhere; but if tlie shore is genenilly shelving, tlie nrnipn 
of the ice is fon-ed np the acclivity, and cairies with it any iMiwIdei-s or other 
lonse material al>out which it may have frozen. A s<'C«ind lowerinjj of tem- 
penifurc docs not wtthdnnv the profnulcd ifc rtinr^nti, but i!iiti;iti's otlipr 
cracks and leads to a re|M'tition of th<'^ short-ward thrust. The jiroccss is 
ri'peated from time to time (hiring tlie winter, but cea«o» with tlie melting of 

• Lata RMit|iMtit lu VarMoat. Bj' ChM. H. HUahooak. In Pioe. Am. Am. Adtr. Sal,. «al, 11^ 
IBN, p.336. 

« C. A. Lm. Am. Jonr. Sci., rot. B, lUZlt, j>[>. M-OT, mnA vol. 9^ I8K, pp. S3B44L 

'.I. A.l;iiMB. Am, .liMii. S. 1 , v..l.;i, l(<tj, |t|>. l'kt-144. 
«C. A. White. Ain. Natnrali<il, vol. 'i, IHl.ll, |>|«. lAO-lVt. 
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tlte ice in the spring. Tlie ic© furmed the eivsuiiig winter extends only to 
^ water margin, iiiid by the Wintel's o«dlUlaon« of temiK^raturc can be 
thraat landward only to a certain dtetaace, detemuned by the nae of the 
lake and the local cUmatei There ii thus for each locality a defimte limiti 
beyond which tlie pmjeetioii «f howhiers cannot }>e carried, ko that all are 
depointed along a common Hne, wheif? thoy < onstitutp a wall or rani|>art. 

Tlic base t>f a ninijKirt stands sonu-what iihdx c jiiid Ix-muxI the ordinary 
margin td" the water. It is parallel to tlie water margin, following itii iuflec- 
ttoiUk Its nze i» probably determined in by the mpply of material, but 
there must also bo a limit dependent on die iitrength of the ice formed in the 
given locali^. Its material is usually coaise, containing bowlders »uch as 
the waves generated on tl)e sjune lake Wiiuld l)e unable to move. Tlies© 
may he either smooth or ;)ii<rtihir. heavy or light, tlie proceaiS nf accumuia- 
tiou iuvolviuj^ no diseriniination. 

Ramparts are not found on the margins of large lakes, for whatever 
record the ice of winter may make is obliterated by the storm waves of sum- 
mer. Ndtlier do they oceur on the shores of very deep lakes, for such do 

not admit of A Iieavy coating of ice; and for tlie same mison they are DOt 
fonnd in wnnn climates. So fnr !is the writ is awan*, they have never 
lieen foinid in the fossil condition, e.\ce|ti that in a isingle imtance » rnntm 
of tltem siervea to record very n-cent changes of level. 

8UB1CBROSNCB AKD EMBROENCB. 

In the preceding di^-uiision the general relation <:tf the water sur&oe to 

the lanri lias been atwiimed to I>e constant. In j)oint of fact it is suhjeet to 
almost continuous change, and its mutations modity the products of littoral 
shaping. 

Lakes with outlet lower their water surfaces by corradiug the ehaimel 
of outflow. Lakes without outlet continually oadllate up and down with 
' dianges of climate; and finally, all laige lakes, as well as tlte ocean, are 

afreetetl by dilTerentiat movMnoDtsof the land. The series of displacement 
which in th<» geologic past has so mnnv times revolutionize! tlu* ilistrilvution 
of land and water, has not eea.sed; and l urtli iiii.vciiii iits mc so in arlv uni- 
versal at the present time tluit there are few coastjs which betray no symotoms 
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of n'(*eut eluvatiun ur MuUsidunco. lu Urn placu it \s uiiufcessary to con.sider 
whether the relation of water Burfnoe to land is affected by mutations of the 
one or of the other; and the tenna emergence and suhmei^noe will he used 
with the undemtandii^ that they apply to changes in the relation without 

refertiiH'** to faiis«*s of clian^j^v 

TIh» fjitHTrtl ffti'ct of Kubmt'if»t>iu't> or fmcrfrcnro i-4 tn clKUiirr' tlio 
hurizuii ut which tthoru proccRsos aro ciirritHl on; and it n roii.st«k'riii)le 
change of level is effected abruptly, the nature of the procesHcs and tlie 
character of their products are not materially modified. A snbriierged shore- 
line ratiyns its oonfigoration until it is gradnalty buried by sedimenta^ An 
emergt>d shorci-llno is 8ubj(M"t<'d to slow dt'stnu-tioii l)y atmospheric ii<rfn- 
ci»^K. ( hi\\ til*' dtJta is rapidly nttncked, and that is ni«*r*'ly dividi-d into 
two |)iu-ts hv th»! stream whic-h tonned it. lu the ••as«i of suhmcrfrcntM? tlio 
new shore cwustioicttHl ut a higlier horizon is essentially similar to the one 
submerged. In the ease of emergence the new shore constructed at a lower 
horison rests upon the smooth contours wrought by lacu^ne seiUmenta- 
tion, and, finding in the confi^iratimi little that is inconf^iious witli its .slini(> 
currents, carves fi>w difTk and builds few embankmenta. The barrier is 
usually one of its i li;u ;i< t(Tistie elements. 

A slow and gi-aduai submergence niftdifies the products ot litt«)ral ai'tion. 
The erosion of sea-cliffii is exceptionally rapid, because the gradually deep- 
ening water upon the wave-cut terraces relieves the waves from the task of 
carvnig the terraces and enables them to spend tlieir full force a|rainst the 
diflk The cliffs nn'. thus Ix'ateii back before the advancin<r tide, and their 
precipittuis clinrnrfcr tnniiitniin'f! witli rniistnitt cliatijr*' of position. 

A rliytiun is introduce<l in the construction of embankment.-^. For each 
level of the water surface there is a set of poMtions appropriate to die initia- 
tion of embankments, and witii an advancing tide these poeittons are suc- 
cessively nearer and nearer tite land; but with the gradual advance of water 
the position of embankments is not correspond! nyly shifted. The emiiank- 
ment cojistnicted at a low stjiy^! controls the al (lircction nf thi- slmre 
ciirrnit, cm ii whm vn'st ]a sonicwhat submerged, uikI tliis coiitntl it 
determines the shore drift to fullow itsurigiuul course, it is only vvlien the 
Bubmeigemce is snfficiently rapid t^ produce a considerable depth ai water 
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over the tsreat of tlia embankment that anew embankmrnit w initiated hehind 
it The new embankment in torn oontrols the ahore euiranit} and by a rep- 
etition of the process a series of ombnnkmenta is prodnced whose cresta 

difier in hciVIit hy cniisirlcrahlc inlcrvalH. 

A slow and j^adunl citici ix«'ii> <' causes the waves, at point* of excava- 
tion, to expend tlieir energies mK)n tiie terraces rather than the clifik. No 
great eliffii are produced, but a wave-cut teirace is carried downward widi 
the receding tide. There ia now no rhythm in die constmclion of embank- 
ments. At each stn':cessive h^wer Un-el the shore drift takes a course a little 
farther lakeward, and is built into a lower embankment leeting againat the 
outer facf nf the one just fornu d. 

The titjltii is very sensitive to emergence. As soon sus the lake water 
fiUU from its edge, the formative stream, having now a lower point of dis- 
charge, oeaaes to tiuow down detritoa and Ije^na the conraabn of ita dian- 
nel. It oeaaea at the aame time to shift its course over the soifaoe of the 
original delta, but retains whatever position it hap]x>ned to hold when the 
cmerfjcuce was iiiitiatcfl. Ooinridciitlv it begins the coi><>truction of a new 
or secondary dt-^ha, the apex ot wliicii is at the outer margin of th<« (in<,nnal 
structure. With continuous emergence a series of new deltas are initiated 
at points aucoessivuly furdier hkewaid, and tiiera ia produced a oontinwius 
desoending ridge divided by tiie channel of the atream. 

THE niSCUIMTN ATION OF 8HORB FEATUUB8. 

A shore is the comiiioii iiiaiiriti ut' dr\' land and a l»<iil\ oi" water. Thfl 
f U iiii nts ot its [RM^uliar to|M)graphy an.' little liable to contiwion so long as 
they are actually associated witii land on one aide and water on the other; 
but after the water has been withdrawn, their recognition ia leas easy. Tbey 
comnat merely of certmn dills, terraces, and ridges} and difb, tenaoea, 
and ridg«'8 abound in the t^>pography <>f land surfaces. In the following 
pa^'s flic ti)|M>graphi{r features charjicttTistic of ancient .^Imrcs will be «-om- 
|mred and cuntmsted with other topographic elements likely to (Teate con- 
fusion. 

Sueh a discrimination aa this has not before been attempted, although 
the principal ^tinotiona upon which it ia baaed have been the common 



Digitized by Google 



DisoaiiuvATioir of shobb pbatdbbb. 



75 



property of geologists for inauy years. The contrast of i>tream terraces with 
shore terraceB was clearly set forth by Dana in the Anwncan Journal of 
Sdenoe in 1849, and has been restated by Oeikie in hia Text-Book of Ge- 
ology. It wii.s ]<'ss clearly enunciated by the elder Hitchcock in his IIIub- 
trations of Surface Geology. 

CLIFFS. 

A cliff i« a topoffniphic fnrct, in it.self steep, and at the same tinif piir- 
ruuuded by facets of letw UK-linatioii. The only variety hehmgiiig t«» tiic 
phenomena of «h(M!es {« that to which the name "tMMi-eliff" hn« been applied 
It will be compared with the cliff of differential degradation, the stream diff, 
the couliSe edge» the fault scarp, and the land^Sp diff. 

TiMair«r]NMrmtt>i i>«Bruution.-It js a familiar fact that certain rocks, nuiinly 
Hoft, viehl mon' rniil'llv t«i tlie nfffiits of croxion fhjHt c<'rt;iin other nx-ks, 
mainly hanl. It n .siili.s tnmi tiiis, that in the jin»j^i'i'.s.sive ilegnnlution of a 
country by subaerial erosion the minor reliefs are generally occupied by 
hard rocks wlule the minor depressions mark the positions of soft rocks. 
Where a hard mck overlies one much softer, the enwion of the latter pro- 
ceeds sit nipiilK tliiit the funneris Bapi)ed, and being deprived of its support 
falls away in blocks, and is thus wnm^lit at it.s mar<;in into a clitf. Tti r<>- 
gionii underjfoing rapid d*';rradation sik li rlilTs are exceedinf^ly abundant. 

It is tht> invariable nuu-k of a elitf of ditleix-ntial degrjuktion that the 
rock of the lower part of its face is so constituted as to yield more rapidly 
to erosion tlian the roek of the upper jrart of its faoa It is strictly dqiendeut 
on tlie constitution and structure of the terrane. It may have any form, Imt 
gin<-i> tlif majority of rocks an^ stratliied in hfOadt Cvetl idiects, iind since the 
most nbnrpt :i!tt nKitinTi-( of tfxtnre occur in connection wifb such sfrntifit-a- 
tion, a majority ot ciills of dillercntial degnidatioa c.xliibit u certain nniforniity 
and jwrallelism of parts. The critst of such u cliff is a lini^ (landlcl to the 
Imae^ and other associated cliffs run in lines approximately ])ariLllel. The 
moat oonspicuoua of the dil& of stratified rocks occur where tJie strata are 
i^proximately htirizontal; and these more often than any others have been 

mistaken fur sca-clifls. 

Th« siM«m cii«.-'riie most powerful aj^ent of land ero.siou is the running 
stream, and, in regions inidergoing rapid «legr4uljvtion, corrstsion by streams 
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8o far exctKHk the genera] waste of the surface diat their channeU are cut 
down vertidklly, forming clill» on either hand. These dills are afterward 
maintuned by lateral coirnsion, which opens out the valley of the atreain 
afti^r the establishment of a haae level hns chcckiHl the vertical cormsi<Hi. 
Siu li fliffrt uro hi a nn'asure hidopeiident *»f tlic nuture of the rock, iiiul nre 
cl<i>< l\- asKocintinl with the stivam. They Htjuul as a rule in pail's facing 
each other and separatetl only by the sttx'iuu and its flood plain. The base of 
each is a line inclined in the direction of the streera channel and in the mme 
degree. The crest is not parallel thereto, but is an uneven line conforming 
to no simple Iaw. 

The cauwe Edje—The visco.sity of a lava stream is ^pnt, and this vis- 
cosity is nnjrrnciitofl as its motion U rheckf-d hv '^vu<\u:A coolino-. that its 
margin after congelation is luually tnarked by a chtl't>t some heiglit 'J'he 
distinguishing c1i«t«ct«« (^midt « «Uff are tiutt the toek is volcanky with 
the superficial features of a snheenM] flow. It has probably never been mis- 
taken for a »<ea-clifT, and n>ceivos mention here only for the sake of fpving 
generality to the dassitication of difls. 

The p»uit »t«ri. -Tlif fanltitiir '»f rucks miit^ists in the rnlntivp displacement 
of two niasses separated by a fissure. The plane of the fissure is usually 
more or lesH veitical, and by virtue of tlie displacement one mass made 
to project somewhat above tlie other. The portion of the fiasuie wall tlius 
brought to view constitutes a variety of cliff or escarpment, and has been 
called a fault scarp. In the Great Basin tnich scarps are associated with a 
grent tnnnber of mountain nniges, appearing gciKTallv at tlu ir bases, just 
where tlie solid rock of the TiKXiDtain Tiia!.>! is adinimd li\ the dctrital foot 
slo}>e. Tliey occiU>iuiudly eiicroacii upon tlic latter, and it is in HUch c^lKO 
that they are most com^cuous as well as most likely to be mistaken for 
sea-cliffe. Although in following die mountain bases tliey do not vary 
gn ally in altitude, yet they never describe exact contours, but ascend and 
desi-end the slopes of the foot hills. The crest of such a cliff is usually 
closelv parallel t<» the b;»>;e for \itn<x dt>t:iTrc(''<, but this parallelism is imt 
absolute. 'Hie two lines gradually ct>uverg<- at either end of the displace- 
menL In exceptionsl imtanoes liiey eonveigc- laiiidly, giving the diiF a 
somewhat abrupt termination, and in such case a new cliff appears en tkJielonf 
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coiitinuhi^r tlu^ displiu-onieut with a M)i<rlit olT'sct. lu Chapter VIII these 
cliifa are di -^t nlK il ut leii^h aiul illustrated by views and diaj^ranis. 

Th« Land Slip chs Tlic Intid-slt]) difl'(*r>< trtmi the fiiiilt l'hil•tl^• in thf f:« t 
that it U a purely su}>eiii<'ial pheuoinoiiou, having its wluile iiistory iiixni a 
viidble extenml 6lo|>e. It occurs utually in unoansolidated materialt nuwDes 
of whtdi break leoae and move downward short distancoa. The cUlfi» pro- 
duced by their aeparatiou from tlie general or parent roaM, are never of givnt 
horiaontal extent, am! have nu cotnmon element of fnmi exoqit that they 
are concave outward. Tliey fiv<|uently ui'cur in jjroups, and are apt to con- 
tain at their bathes little basins due to the backward cauliug which furuu 
pairt of the motion of thi? slidinjj iujiss. 

OMi«MiMa.-Thie aea-cliff differs (rem all others, fiiet, in that its baae is 
hori«onta1, and, second, in that there is associated with it at one end or other 
a beach, a barrier, or an embankmetit A thlnl valualde dia;^u)stic feature 
is its uniform axsoriution with th<« terrnec ut its base; but in this rt sp( i t it 
is not uni(}Ue, fur thf l iit^' i>i' liitbTciitial (i( ;;nulatii>ii dt'tcn spnnp> tVoni a 
terrucu. Often, too, the latter i» nearly horizontal at base, and in such case 
lAia i««die»t comparative test ia found in the fiu:t that l3ie sea-diff ia inde- 
pendent of the texture and structure of the rocks from which it is carved* 
while the other is ch»sely dependent thereon. 

The sea-cliff is distinfruished friun tlie stream-cliff by the fact that it 
faces an open ^•;dl(■v broad e!)ini;:]i ami (in nij^li to iicriiiit the* 'genera- 

tion of etKcient waves if o<-«"upie(l liy a lake, it is disting^uished troin the 
coulee edge by it^ iudepvudence of rock structure and by its associated ter- 
race. It differs firom the lault scarp in alt those peculiarilies which result 
from the attitude of its antecedent; the water surface concerned in the for- 
mation of the sea-cliff IS a horisontal i)lane; the fi.-i.sure concerned in the 
formation of the fault scarji is a less reffular but es-i iitiallv vertirn! plane. 
The former crosses \hv im (jiialities of the prccxiiitvnt tojiography m a con- 
tour, the latter a» a traver.se line. 

The land-slip cBff is distinguished by the marked concavity of its face 
in horiaontal contour. The sea-dlff is usually convex, or, if concave, its 
oontoun are long and sweeping. The former is distinguiahed also by its 
discontinttity. 
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A terrace m a horisontal or neurlv iioriiontal toiwgmphic fiweA inter' 
rupting R steeper slope. It is a limited plain, from one edge of which the 
ground rijios mitre or less steeply, wliilu from the o|)]K)site udge it descends 
more or lesn st^ i iiK . It is llic "Iir;ul'* of ;\ to|)<tp'n])1iic step. 

AnnniL'' tin- Icaturcs pfciiliar to sliorcs mtc thri-i- tciTacc<: tin- vvnve-cut, 
tho wave-built, iiiui tiie ilelta. riiese will he eonipared with the teiraee hy 
differential degradation, tlie stream terrace, tho mfnnine terrace, the fault 
terniee, and tlie land-slip terrace. 

'nie Terrace by DiffmolikI I>tKf»ilaliaD.-The HiXUU: gOtietat CifCIUUStanCea of roek 

texture wliieli under erosion give rise to elifts ])roduee also terra<-es, luit the 
ternn cs ;in» of loss fre<pient oecuritMice. Tli(» mdv rase in wliii li tin \ are 
at all ubuiidaiit, and tlw ouly caM) iu wluch they ueed Ih; discntuiiiated troia 
littoral terraoes, is. that inwliich a system of strata, hctiu-ogeueous in texture 
and lying nearly lioruontal, is truncated, either by a fault or by some ^sive 
action, ami is afterwards subjected «>n the truncated section to atniosplieric 
waste. Tlie alternatifui of hard and Jioft strata gives rise under such cir- 
cumstances to a series <»f alteniating cliffs ami terraces, the outcrop of «'ach 
Imrd stratum appearing iu a more or less vertical cliff, and the out< rop of 
each soft stratum being repreiteuted by a geutly sloping teiToec, uuited to 
the cliff above by a curve, and, in typical ezamplos, separated from tlie cliff 
below by an angle. 

Tlie length of such teiraces in the direction of tlie strike is usually great 
as rornp;ire<l with tlwir width from cliff to cliff. Tliev nre iiev<T t l in i-ross 
protile, imt (1) rise willi ;,n a(!ually iiicn iisin;.^ .-1i>|m- Ironi tlie en .■^l ni oik rliff 
to the base of tho next, or (2) di'scen«l from the ci-est of one cliff t<> a ine<iial 
(it pi L .^sion, and thence rise with gradually increasing slope to the base of the 
next The first case arises where die terrace is narrow or the dip of tlie 
strata is n >\\ a i d the l(»wer «'liff, the second case where tlie terrace is broa«l and 
the diji of the roi'ks is toward the upi>er cliff. In the first case the ilrnijnige 
is outwjini to the edge of the lower cliff: in the seroiul itistowanl tlir nu 'li d 
depre»jsion, wheuce it e8ca|>es by Jie uarrow cluumels carved tliruugli tlie 
rock of the lower eU£ 
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•n.e9ir»»m Ttrr»ce.-'rin' 1 1 inditioii of rjipid erosion in any ifgion is uplift. In 
a tract wliich liiw rutxtntly lK.'fn cluvatud, the rate of de^r.ulatiuu is unequal, 
tlie WMto of ilie imtDr duuiiiels being more rapid tban diat €i£ the Mirfooe in 
g«n«nil, so dint they ara deeply indued. E veiitiudly, howevwt the comaion 
of the water flianiiolM so reducCB tlieir declivities that th«; vohx-itieHof current 
sufHi't! niertily for th»; tnuispoilation outward of flu- <Ii tritut* dim-'Ugagt'd by 
tlie trcncrnl wnstc of suifaco. In <)th«T words, a luim; level in rf^aehed. Then 
the process of lateral eornision, always earned on to a eertiiiu extent, ah- 
sumes pronituenci>, tuid iU re»ult« ore rendered conxpieuous. Each stream 
wears its banks, smnging from nde to side in its valley, always catting at 
one nde, and at the odier bialding a shallow depont of alluvium, which con* 
Hlitutes its Hood plain. T\w valley, having before consisted of the river 
♦■liatiiifT mai jriiiol tin cillicr sirlc !iv n cliff, iif>\v coiisinti* of aplaiu bounded 
at the sides by elitVs and ti-aversed by the river cliannel. 

If now die cornusiuu of tlie biream bed ia accelerated by a new uplift 
or other cause, a smaller valley is excavated widun die 6rst and at a lower 
levdL So much of the original flood plain as remains constitutes terraces 
flanking the sides of tlie in \\ \ \ . r)utwardly one of these terraces is 
bounded by the base of the old line of cliffs, which may by decay have lost 
their vfrtTcal liahit. Itnvanlly it is bounded by tbo crest of tlic new line of 
cliffs produced by lateral coirasiou. 

Acceleiation td downward conadon is brought about in many ways. 
As already mentioned, it may be produced by a new upliA* and diis stimu- 
ItM is perhaps the most potent of alL It is sometimes produced by the 
downthrow of the tnict to which the streanis discharge, or, what is nearly 
the same thhig, by the degradation of stn ani cliaiiiuls in that tract. It is 
alcii) brought about, within a certain range i)t conditions, by increase of 
rainfall; smd liually. it always ensues sooner or later from the defect of 
transported material. Tlie goueial waste of the origtually uplifted tract 
undeigoes, after a long period, a duninntiim in rapidity. The streams have 
therefore less detritus to transport, Tlieir channels are less clogged, and 
thev arc f'liablcil to louver tln'iii hv corrasMni. Pcrliaps it \s'("ml(l in; better 
to sa^' that after the iinimdiate conmjueiiccs of U]ihft have so fur |)a««e<l 
away that an equilibrium of erosive action is estabUshed, the degradation of 
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the entire tract proceeds at a slow coutiuuous rate, the slight variations of 
which are in a s^u« aoenSontil LotnatoOTranciaiiiidiffsiMihdioiiinitamiQ* 
coexist* in nil »trmm channel* with downward eonaaion, and i« the more 
important praoem; but the horison of its action k continuously lowered fay 
the downward corvarion. The ternusea which reeult repfeaent inily the 
atagt^s <»f a cftntimimiK proross. 

In :i i^qeat mimlx r <>< stream vallcvH, nctt one but niany ancient flood 
plitiiiH lind record in terraces, so that the stream torraco is a familiar topo- 
gr.iphiv feature. 

When ft stream meandering in a flood plain encroaches on » wall of 

the valley an«l corrudes hitenilly, it o^irries its work of exaivation down to 
the level of thebottdtii i)f its channel; and afterwanl, when its course is 
shiff(»fl to snme otlicr part <>f tlio valley, it leaves a drposit of alluvium, the 
upiHT surtace of whit-h is barely submerged at the fl«K)d stage of the stream. 
TIm» depth of alluvium on the flood pUin ia therefore measured by the «t- 
treme depth of the current at high water It conatatutea a practically even 
flhee^ resting on the undisturbed terrane beneatk When the stream finally 
abandona it, and by carving a deeper channel, converts it into a terrace, the 
terrace is necesHJirily bipnrtito. Above, it consists of an even layer of allu- 
vial material, fine at top and coarsf at l)uttom; Ixdow, it cvuisists of the 
precxisteut formation, whatever thai may bo. ^^^lero the lower portion is 
ao conatitated aa to reaiat erosion, it loaea aHar a long period ita alluvial 
blanket, and then the terrace consiata wbnply of the floor of hard rotk aa 
parol a\\ ay Siy the meandering stream. The c<»arse basal portion of flie 
alluvium is lliv, last to dis^ippear; and If it cniitains hard b<)wlders some of 
these will survive as loiif'' as the fonri ut" tlic terrace is recxij^iizable. 

The elder Hitchcock enumerated and <h'.scrilMMl f<»ur tyjHJs of gti'emu 
terrace: the lateial tenaoe, die delta tmaee (gn>uped by the writer with 
shore terraoee), the goige terrace, and the glacis terrace;' and HOler, whose 
clear analysis of stream tOTradng is the most recent contribution to the sub- 
ject,' adds the amphitheater trarace, the jmn-tion terrace, and the fan ter- 
race. Such detail is not re(|uired in this connectino, but it is proper to dis* 
•liluKtration»orsurrMM>aMilof]r. By Bdwanl HitolwMk. p. ft. 

<RW.T-Trmc)n«: itallMM»udtliairMnltft Bjr Hqgk Wlkr. h FiM. Bayd Phyrima Bm., 

ToL 7, 1083, pf. aBS-aoa^ 
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tinjT"''^'' the fan tcrnK;^ from tlif Intoral fi rrace, to which tho phraseology 
»)t the prt'cediiig piirugraphH nioro jmrticularly aj[)j>lit'». 

The fan tenaoe of Miller, as developed in a monntain country, baa been 
adininibly described and figured by Drew, who qieaks of it as an "allavial 
fan cut by a river", but g\vv» no shorter lide;^ in the nonwiclature of ib» 
present i-hapter* it is an alluvial-cone terrace. 

Where a lar<je stream flo^^ in^'- thrfmjrh :in alluvial pbiin rvvoh-ca n smnll 
tributary troiii au uplaud bonlering tiic plain, the tiibutary often buildn 
an alluriat oone upim the margin of the plain. l£ affceiward the laige Btreani, 
shifting its oonrse over the plain, encroochm on the alluvial cone, it con- 
verts it into a tenaoe. The small stveam acquires iu tliis manner a lower 
point of discharge and li« induced to coiTude a cliannel thiviugh its own 
alluvial cone, dividing it into two parts. With n fcrcnee to the vnllcv of 
the small «tr<»ani, tlicsc parts are lateral terracew. With reference to rlio 
valley of tho largo stream, they constitute togetlior au alluvial-tjoue terrace. 
The aDuvial*oone terraoe ^fiera from the lateral teiroce in that its sur&ce 
does not indme nmfonnly in-lbe direetion of the eurrent <tf the stream it 
overlooks, but incliufls radially in all directions from a point at the side of 
the vallt'v. 

Th. Mot.inc Ttrr.cr.-'WIicii uii alluvia) plain or alluvial eone is built against 
the side or fnnit of a glacier and tlie glacier is afterward melted away, tlie 
alluvial surface beoomee a tenace overlooking the valley that contained 
Ae ice. The construeting stream may flow from lihe ice and gather its allu- 
vium from the glacial debris, but it usually flows from the land. The slope 
of the alluvial plain is detennined by the direction and other acciflonts of 
the streiifn. Wlicrc tlu» plain adjoins tlic pf^lacier, it receives \vhat<'\ cr dcliris 
falls from the ic<', and it may be saiti to coalesce initially with a moraijiic 
ridge. Its internal constitution is partly alluvial and partly morainic If 
flte morainic ridge is laige^ the plain does not become a moraine tanace. 
If H is small, it falls away when the removal of the ice pamits the maigin 
of flie phun to assume the "angle of repose." 

< Allnrikl aad laonntrfne (1«p<Mit« and glkciiU reconl* of the 17p|«C>>IldM BMilk Bj FMwl* 
Drew. Qimrt. Jour. (fool. 8oc. London, vol. SO, 1873, pp. 441-471, 

*The all»vial fan of Drew U the alUrial eone of AowricaD gcoloi^iats, and tbcro would b« noma 
MMooa for prefrrring fan to eone if It were neccMar; la employ a single term only. It ia cuoTeoieot 
tbeu aa tyDon;iiM, aaftoylaig Mm vlwa (h* ofttopo la nd Urn. vkm Uta tow. 
MOM I 6 
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Moraine terraces may be classified, after the manner of luoraiues, m 
laterttl and frontal Hie hiatiofy of the lateral type is flliutrated by Fig. 
17, repreaentiiig incroM wetion tlie'rideof a glacier in an open valley. The 

nlUnnum, a, is built u)) .syn- 
i-lironously with tln^ {,rla(ial 
(lc})ns, il, ;iml tlic two intcrhed 
ami luiuglo at their jtmctiuu. 
Whm the ice melts, the face 
of the deporit asrames nnder 
•^Tavity the prnfile indicated 
by the (lottfd line. 

If the };liu icr (liiiiiiiishcs 




Ktu- 1 - MmU moUm, lltwtnUag tbo (vnuU*! af • If i 
•ItlMMsXaOlMlw. 



gruilually, .successive terraces 
are formed, and these fre- 
({lu iiily overlap. In Fig. 18 it b assumed that the ice profile had sucoes-^ 
sively tlie positious of the dotted linesx and y. When it retreated to y, the ac- 

CUnuiIatcil (l(>|HwitawiUni('<l the; ^ 

i 




])rofile abc, an<l a iiew ilcposit 
bcjxan betwccu the ircnnd the 
lace bi: By .subsci^uciit ice 
retreat the second d^HMit as- 
sumed the profile ebsf. As a 
result of thb process die ma- 
terial of the terrac'e de overlies 
uneonfnniiably the material of the terrace tih. 

All alluvial plain bordering the frunt •»f a •rlacier is apt to overlap the 

ice and to include near its outer 
I" I margin not only mondnic debris 



lhtiMMMl< 





but hloeks of ice^ When the 
' iTl^i^ ' It" melts, the overlapping do- 

— -^-I^i^ ])08it cannot assume the simple 
earth-slope or anfj:le of repost?, 

VIM. n^Unl •nNm 0t •ttavtal •UaiaplMtVkwtaiftareiHln'. 



ratnic surface (Fig. 20). 



but receives a huiumucky, nio- 
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So closely does tlie moraine terrace simulato the Rtroam tamwo tlwtt it 
is usually uiHlistiii;rui-^li<-i1.' Th« lateral type w identical in cnMS-profile 
and in loiigitudiuHl pn)tilt',au<l, * 

unless portions of the morainic f m^at-'- ^ 

ridge remain, has but one for- ^ ^^^^^^^^^J^n 




mal diflerence: the oontoun of ^ 

its outerfnco, being detennitted Sk^- - 
by the side of an ice stream. no. a._u«»««ii««(Ki«.i.»M«.ta. 

are smootli curves ot'-rentle Hexure. 

The Puit Tcrracc'It t^uuic'tiiuux uccurx tliiit tvvo Of luuro fuult scafpii witH 
duow in the same direction, mn parallel with each other on the same slope^ 
thus dividing the surfiice into lones or tracts at various heights. Each of 
these tracts contained between two tu-arpn is a terrace. It b a dissevered 
se< fi(»n of tlio once continuous j^enend surface, divided hv one fault from that 
wiiit li lies al»(»ve <»n the slope and hv another from that whit li lies l>elo\v. It 
is tho top of a diuMtrophiu bU>ck, uud its inulinatiou dcpend-s u(h>u the attitude 
of that block. Usually the block is tilted in a direction opposite at onoe to 
that of the throw of die limiting &ults and to that of the general dope of Ae 
country. Tins has the eflfect of giinng to the terrace an inclination less steep 
than that of neighboring plains, or (exoeptiMiaUy) of indining it in the oppo- 
'site direction. 

In the direction of its len^illi, whicii always coincides with the strike of 
the faultM, the tcrracv is iu>t hurizoutal, but uudulutv» iu »yiupathy witli the 
general surfiMe from which it has been cut 

TiM immnp TMiMK-This b dosely related in eross-profile to the fault ter. 
race, but b less regular and is of less lougitudinsl extent Its leii<rth is fre> 
(plently no jrreafer flian its width. The surface on which motion takes place 
luus a cross section uiitwanllv concave, so that tlu' slidin<j mass moves on an 
arc, and its u\}\H;r suH'ucu, cou.stitutinjjc the tumice, Iuih a less iuclinatiou 
than in its origiual [xisition. Frequently thb eflEect b carried so far as to 
mdine the terrace toward the diff which overlooks it, and occasionally the 

' It« rvrofjnitioti wa» pnibnlily late. W. 8. tirvva ilnacrilHvt it ia "Tb« Htxli AI|m of Nnw Zraland"* 
(Ixinilofi, |p-i;t i, itiiit riiumiH i liii (Iflanribia and dhw* It in tbe Thiid Aanoal Report of the U. S. 0«o- 
lo;;iral Siirvrv, p. 3n4^ Tli« uiime " ■ ■ fite t U mtM " wt pwTlitoiMlly rtt iMil n <| bf B. TOihaodk {Bat- 
fM* OMlofr, pp. 8, 6t> l« • phMMBMM bM ao« ng^ t dud m « I 
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<><Iir»» of tlie tenraoe in connected with the cliff in aoch way m tu form acmtU 

lake haHiii. 

Au even teiTiice of such origiu is nirely observed. 'Ilie surface iti usuall}' 
httmmocky, and wh«re did«B occur iu (^upn «» b tiieir habit, tlie InHaide 
IB thrown into a billowy condition suggestive of the Burface of terminid 
nKunune* 

comp^fiioB.-The iiiiK feature hy which shore temices an- (listiii<;ui«hed 
ironi all terraces of utlu i urt^nii. in the element of liorixontality. The wave- 
cut tcmioe is bouuded by a horizontal Uuo at its uj»i>cr edge; the duha is 
bounded by a horisontal line about its lower ed<^«^; suid tlie wave-buUt ter- 
race is a liorisoutal plain. But the application of this criterion is rendered 
difficult by the foot that tlie torrtu^e of difTerential de^irradntion 18 not iufre- 
quently uiar<,niied by horizontal lines; while the inclinations of the stream 
terrace smkI the nioniine terrace, thou;rh universal am! essential characters, 
art* often so small in amount to be ditticult of i-ecojriiition. The fault 
terrace and lond-sUp terrace are uonually m uneven that tliis character suf- 
ficiently contrasts tliem with all shore features. 

Tlie wave-cut terraco agrees witli all the non-shore tenaees in that it 
is overlooked by a cliff ri-^Iiiu-- frnm its u|iper marjrin, and usually differs in 
that it mer'/i's ;it one cinl <n- lintli w iih a heach, barrier, or embankment. It 
IS tuitliei- ilistiu<ruisheil tVorri the terrace of (lifferentiMl detrmdation by tfie 
fact tliat its couHguration is in<iependent of the structure of the rocks from 
which it is carved^ while the latter is closely dependent thereon. In fre«hly 
formed examplco* a further distanction may he recognised in the mode of 
juiietiuii i»f ternice iutd dirt'. As Viewed in ])rofile, the wave-CUt terrace 
joins the assoi-iateil s<>a-clirt'by an an;rle, while in the |)r<)file wrou<rht by «lif- 
forentlal ile;xnidation, tlie leri iK e etiin es tipwnnl to meet the overlnokin;; clitf. 

The wave-cut lernice is distinguishe<l from the itti^aiu terrace by the 
fact that it appean only on die margin <^ an open hawn brood enoa^ for 
the propagation of efficient waves, whereas the latter usually nuuginsa nar- 
row or restricted bnsin. In the case of broad terraces a further (fistinction 
is found in the fact that the shore terrace descends gently from its diff to its 
outer inarjjfin, wherens tlie stream terrs»ce is noniuillv level in crns« sectiftn. 
in iresii examples the alluvial capping of tlic strciun terraco affords adiU- 
tioual means of discrimination. 
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The wave-cut terrace is distiuguislied Irom the moraine terrace by the 
fact that its floor ooQaists of the preaziateiit fcenttnd in situ, dw nMwune ter- 
I'ace being a work of oonrtniction. The wave<«at terrace occiin most fre- 
quendy on salients of the topography; its inner margin is a nmpler c»rve 
t]r.\u it-) outer. The monune temice h found most frequMitly in reentrants; 
iU outer marofin is a simpler curve tfinii its iniHT. 

There are cert-iin cases in which the wHve-l<inned and stream terraces 
merge with each otlier and are difficult of separation. These occur in tlie 
estuaries of ancient lakes, where the tecmces ref^hle to wavo action are 
confluent witli those produced contempomneoudy by the lateral ooiniaioii 
of streams." The stream being then tributary to the lake, it could not carry 
its erosifni to ,i lower level, and its zone of lateral comMiou was at itsmouth 
Goutinous wirli the zone of wavp erosion in the hike 

The wave-built terrace niay be distinrruisht tl irom all others by the 
diaracter of its surface, which is corrugated with parallel, curved ribs. It 
dtfters from all except stream and moraine terraces In its material, which is 
wave-rolled and wave-sorted. It differs from the stri>am tenaoe in that it 
stands on a slope facing an open basin suitable ior the generation of 
waves. 

The delta differs from nM except the stream terrace and the moraine 
temic« iu its material and in itn constant relation to a water way. Itt> mate- 
rial is that known as stream drift Its mass is always divided by a stream 
.channel so as to lie partly on each bank ; its terminal contour is a coni^-ex 

arc centering on some point of the channel ; and it is usually confluent in 
tlic nwciuliTis^ (lirrftioii with tlic Tinmin! stn.'am temice. Indeed, wlipii fon- 
sidered with n tVn neo to the diviilini; channel, it is a stream tenai f ; and it 
in oiUy with reference to the lakeward margin that it is a sliore terra«*e. It 
is. distinguished flwn the normal stream terrace by its internal structure. 
The high inclination of Hnb lamination of its middle member — Ibrmed by tlie 
dischaigeof coar>je detritus into standing water — is not shared b}- the stream 
terrace, while its liurizantal alluvium does not, a.s in the case of the stream 
terrace, rest on the preexisteiit torr;ine. It is (H.stinfntished from simulating 
pluu»e8 of tlm moraine terrace by its outer contour, which is outwardly con- 
vex and more or less irregular, while that of the morune terrace itt straight 
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or .sitiiply curved. Tlie frontal moraine teiTaco often affords a further dis- 
tinction by tbe bummoeky chaneter of its outer face. 

As the focnmtion of the delta is independent of wave action, it may 
and does take plaoe in sheltered estuaries and in small baaina. A small 
lake inteiTuptin<^r tlio (Muirso of t}io stream may be completely filled 1>y the 
(*xt«'nsi»>ti i>{' tJic delta built at its u]»|mt «»xtrt*inity ; and when this \r.in 
iMTum-d, tluTt' is nothing in tli«^ suiH-rticiid pheuouioim to distiuguisli tlie 
foriuutiuu from the nonual flood pluiu. 

The teiraee of differential degradation is further distinguished from all 
shore terraces by the fact that, without great variations in width, it follows 
the turnings of th<> iLs.so< iat«Ml cliff, confonnin^r t<> it in all it»sa]i<nits and 
rt-entrants. Wlicre the sliun- fullows m\ irn ^Milar cfmtonr, wave-cut tt-r- 
races ap))ear only ou the salients, aud iu the ixioutrauts only wave-built 
terraces and deltas. 

RiDaaa. 

Ridges are linear topographic rd.iefs. They may be broadly claMed 
into (1) thoAC produced by the erodon or dislocation of the earth's surfkce, 

and (2) th«>w built ujMm it liy Kuperticial transfer of matter. In the first 
class, th<> stihstanc(* of the ridf^o h i nntinnous with that of tlie adjacent plain 
or valley ; in the second, it is not ; and tliis difference is so ohvious that shore 
ridges, which fall witliin the second chuss, are not in the letist liable to bo 
confused with ridges of the first class. Tliey will thorrfore be compared in 
this place only with other imposed ridges. Of shore phenomena, tiie bar- 
rier, tlie emhankmentT and the rampart are ridges. They will be contrasted 
with the inonun<': and the osjir. 

The Moraine -Thf ih'frittis (Icpostted by jrlaciers at their lateml and tenui- 
nal margins is usually biiiit into ridf7«'s. The material of these is frag- 
mental, heterogeneous, and uncousoliduted. It includes large bk»cks, often 
many tons in weight, mtd these are angular or subangular in form. Some- 
times their surfiM»B are striated. The oreat of the moraine is not horiiontal, 
but descends with the }^Mu>ral descent of the lan«l on which it n -ts 

Moraines sire ff^ind asstK'iatcd with niouiifain valleys, niid als<i uprvn 
o])en plains. In the first C4i.se their cresi.s am narrow, and tiieir cinitimrs 
are in general regular. The lateral moraines follow the sides of the val- 



Digitized by Google 



OOMPABISOir OF BIDGBS. 



87 



leys, often .st:in(liii;r at a considerable lieijrht tihovo tlieir bottoms, iitid art' 
united by the troutalti or tcniuualiit, whi<'ii cnws t'nun side to si<l«' with 
earved connofl whoM converitieB are directed down stream. The moraines 
of plains have broad, billowy orests abounding in conical hUls and in small 
basins. 

The omr or Kamc-Tbose names nro i^^ied to an indirect product of glnoial 
actioiT. It if mnltifarioiia in form, liein'r sometimes a bill, sometimes i» r(*1<r'', 
and often of more complicated form. It douijf less embraces t yi>es tiiut lu-cd 
to be aejiarated; but it is hertt suHicicut to coitsider oidy the linear fonn. 
As a ridge, its trend is nstudly in the direction of glacial motion. Its ma- 
terial is wftter-woru gravel, sand and wit, with occasional bowlders. Its 
oontonrs are ehanuteristiially, but not invariably, irregular Its crest is 
osunlly, but not invariably, uneven; when even, it is parallel to the l)ase or 
to that u\Mm which the linse restf. In other wordd, the ridge teuda* (O 
e(|nahty of height nither than to horizoutality. 

GMBr*rttM..The shore ridges are primarily distinguished frontt the glacial 
ri«lgo« by tlie elem^it of horisontality. The barrier and the embankment 
are level-topped, while the ram|Nirt has a level base and is m low that the 
iaerpiality of its crest is inconsidcirable. It Ls only in exceptional cases and 
f(»r short distanci's that moraines and own-s exhibit horizontality. Shore 
ridges are further distinguished by their regularity. Harriers auti embank- 
ments aro OHpecially characterised by their smoothnotw, while smooth usarx 
are rare, and the only moraine with even contours is the lateral moraine 
associated with a narrow valley. 

Other means of riniination nro afforded by the component materials, 
and the moraine is thus i lcarlx- (HfTi-n iitiatcil. The barrier an<l the embank- 
ment consist usually <if sand or tine ^^raN i l, tr.im which both clay and larfj^er 
bowlders have been eliminated. Except in iiumediate proximity to tlie seu- 
diff whose erosion affords the detritus, the pebbles and bowlders are well 
rounded. Hie material of the rampart has no special qualities, but is of 
local derivation, the niltrc bciiiir fanned sim|dy by the scraping together of 
superficial debris. The moraine contains heterojafeneous material rangfing 
from fine clay to very larjre, angular blocks. The materials of the osar are 
normally lesu rounded than those of nonnal sliore ridgea. 
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Certain osara of leugth, eveu figure, aud uniform height sire disi- 
tiuguinhed from baniem by the greater deelivity of their flanks, and by the 
fiMt that they do not describe oontonn on the nuu^^ne of haMna. 

TliJfi RECOONITION OF ANCIENT 8UORES. 

The facility and ccrtaiittv with wlildi tlie vcstljjcs of niirient water 
n>ar^n« are rt'co^^nized uiul tracid ili jiuiid on lotuil cuiiditiouK. The small 
vvavL's eugundcred in poudts aud in Hheltci"ud ejituarios are f»ur less efficient 
m the Garving of ctift and the oonBtruclion of emhaokmentB than are the 
great «raves of larger water bodies; and the iaint outlinea they prodaoe are 
afkerwanl m<irc <lifticult to tiac€t than thoM strongly drsiwn. 

The element of time, too, is an imjiortant factor, nml tliis hi a douhlc 
sense. A wntpr smfacc long maintainpd scores its shore niark innre tk'cply 
than one ot brief duration, and its liisKiry is by so nmch the more eiisily 
read. On the other hand, a system of shore topography firom vhich the 
parent Like haareoeded, is immediately exposed to the obliterating influence 
of .kmd eroMon, and gradnally, though very slowly, loses its character and 
definition. Tito strength of the record is directly proportioned to the dunb- 
tion of the lake and inversely to its antiquity. 

It will l)e recalled that in the preceding description the character of 
horizontidity hsis been ascribed to every shore feature. The base of the 
sea-cliff and the coincident margin of the wave-cnt temoe are horiaontal; 
and BO is the erest of each beach, barrier, embankment, and wave-built 
terrace; and they not merely agree in the fact of horizontality, but fall 
essentially iutn a cotTirTinn phinc — a ])!aii(' intimately rclatoil to tlic linrizim 
fif the Tnaxiniuin tVirre of hi'cakers iluring storms. Tlie outer niar^ria uf the 
dellji is likewise horizontal, but at a slightly lower level — the hvvi of the 
lake swr&oe in repose. This dififorenoe is so small that far the jiurpoae of 
identiilcation it does not affect the practical coincidence of all the horiaontal 
lines of the shore in a single contour. In a region where forest.s afford no 
obstruction, the observer has merely to bring his eye into the plane oncv oc- 
cupi(Hi by tlu' water surface, and all the horizontal elements of shore topog- 
raphy are projected in a single line. This line is exhibited to him, uot 
merely by the distmctious of light and »hade, bat by dtttinotions of color, 
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due to tlio tact tluit tli« chaugtiiiuf inclination ami ot »oil at tho line intiueuce 
the difltaibution of mmy kindB of vegetatitni. In this manner it m often 
poflolble to obtain from the general view evidence of the existence of a &int 
•liore tncing, which could be satisfactorily determined in no othMr way. 
Tho enaeinble of a faintly scored shore mark is usually easier to recogniae 
than any of its dotnil-*. 

It is jirojKT tit ailtl that tlii« t onnistent lK»rizontality, which aj)jM*als so 
forcibly and effectually to the eye, can not usually be verified by instru- 
mental test The surface of the "solid earth" is in a state of change, 
whereby the vertical relations of all its parts are continaslly modified. 
Wherever the stirveyor's level \im Ix'en a]>pliedtoa fossil shon*, it has Ix'cn 
fouiiil rliat the "horlznn" of the latter depiirts notably from liiiriznriT;ilitv, 
being waqied in coinjiiiny ^\ itli tlic pfeiipral Mirface on whirli it M'sts. The 
level, therefore, w of little servii^e in the correlation of shore lines seen at 
dilferent places and not continuously traced; but when an ancient shore-line 
has been fiiithfuUy traced through a basin, the determination by level of its 
variations in height disoovers the nature of displacements occurring since 
it»« formation. It might appear that the value of horizontality as an aid to 
the re<':ojriiitI<)ri of shon's is consequently vitiatrrl, but such is not the case. 
It is, indeetl, true that the accumulated warping and faulting (»f a long 
period of time will so iucliiie and disjoint a system of shore features that 
they can no longer be traced; but it is also true tlutt the processes of land 
erosion will in the same time obliterate the shore features thorasehm Tlie 
minute elements of orographic disjdacement are often imroxysinul, but so 
far as observation informs us, the jjeneml jjrojjress of sui-ii rlniiiirc:^ i^* slow 
and fyradniil, so that, (hirin-^' thf ])eri«Kl lor wliich shore tr:iriiiu'"> ciin with- 
Htiiud atniosplieric and pluvial Wiiste, tlieir deformation is not sutticieut to 
interfere materially with their recognttioii. 
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CHAPTER III. 

SHORES OP LAKE BONNEVILLE. 

In the precediiijjf cliajiU'r tlif f'uaturfs nf a yhxfft- (U-siccatefl shore-line are 
dt'iUTibed; a shore-line, that \», with notliing above it uu the sloping side of 
its basin except the varied topojrrapliy characteristic of dry laud, and noth- 
ing below it bat the smooth monotony of a lake bottom. Pkooeeding now 
to the connderation of the BonBeville shiwes, we pass from the simple to the 
complex, for the Bonii(«villo Basin is girt by nmny shore-lines, wliich form a 
coTitiiiuoiis >s(-ri('«. Only tlic lii'^hfst of tlicsc is coDti'^notJs to land topop- 
ruphv, and only the lowest encircles an area cuvcnMl i m Insivi-lv by lake 
»e<iinient». The water ha.H undergone changes of voliuue which have car- 
ried its surface and waves to every i)art of the badn from the bottom to an 
altitude of 1,000 feet So much of the bodn as lies below the higliost shore- 
line has reoeiTed lake sedimctit-^; mnd the geologic data comprised in these 
mlinientH are conibined with the jdieiiomena of the lower beaches in a man- 
ner ihnt iH nt once instnictive and complicsited. The sn]>* r]"»sittons of sliore- 
line upon lake sedinu nt juhI hike se<linR'nt ujxtn shore-line reconl a history 
of contractiug and expanding lake area, the deciphering of whidi constitutes 
one of the duef subjects of our study. These will be disijussed at length in 
the sequeL Here it is desired merely to state the fact that for a vertical 
space of 1,000 feet on the sides of the basin, the evidences of lacustrine 
waves and lacustrine sodiineutation have been imposed on the preexintent 
contigurHtion of the country. 

Lake Bouucville lay in the district of the Basin Rauge:^, and the whole 
oonfiguration of the land above the shore-lines is of the Basin Riuige type. 
As described in the introductory chapter, that district is studded with a great 
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mimber of small mouutain rangfes, standing in irregular order, but with a 
nearly couiitaut nuith-aouth trt^ud. Betvvet^u tliem are narrow valleyiS floored 
by detritm worn from tlieur summits during the uncounted ages of their 
exbtence.o At the foot of each range, and piled high ngninst its sides, are 
great conical licaps of alluvium, eaeh with its apex at a mountain gorge. 
At t«v]) fhi'sc alluviji! cojh'h an* s(*]>arato, but lc»\v«'r (Vtwu f?io\' luljoii), anil 
tiieir bases coalewti into a continuous 8co11«>jm'<1 slujic, t!ic visiitlc footstool 
of the niountaiii. The conei*, like the valley flotu-s, arc t oinposeU of detritus 
eroded from t]ie mountains, but their material is ooaner. At the maigins 
of the undrained valleys the cones merge by gentle curvature with the 
valley flooi-s. In the higher valleys, which drain to the <-lo,>*4-d basinSf 
cones from the two sides meet along the medial line, giving to the cross 
profilo the form nf an tilitiisp Above the nlhn'ial cdnes all is of solid 

rock, and the t<>p<*grapluc lonns iire hard and anj^ular. > n- water-parting 
ia a sharp ridge, and every water-way is an acutely V-ishuped gorge. 

Hw ridge and the gorge are characteristie features of land sculptuie, 
being carved only where nun and nintung water serve for erosive tooU. 
Till llnvial cone i« an equally characteristic land featui-e, being formed 
only \> ln'ie running wafer throws down detritti'^, wttlHUit Itself stopjwng. 
They am all the distinctive and exclusive products of huul shaping, and 
could never originate Ijeneath a Iidse or oceuu. 

Hiese are the features ezIubitBd by the Bonneville Basin above the 
highest sliore-line; and the same features can be traced continuously down- 
ward past the ^ore-line and to die bottoms of the onc«^ submerge<l valleys. 
If one stands at >^ distJince an<l views the side of a valley, lu* will see that 
each of thn great alliu iul cones is traceable within the zone of sidjinergence 
almost as distinctly and quite as surely as above it Its curving conttmr 
fotmed a part of every in^vidual shore of the amies. Si>, too, of the mount- 
ain gorges and ridges; wherever they extend below the ancient water limit 
the shore-line can Ik> seen to follow their contourH in a manner demonstratp 
ing that they were already in exisit iice when the lines were drawn. 

Tlip prpoxintent topogra[ili\ of the lioiineville Hjisin was therefore of 
terrestrial type and of subaerial origin. I'lie sea-cliffs and embankments 
and sediiucutii uf tlie lake were carved from and built ou and .spread over a 
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•ystom of nlle& which originated at a time anterior to the lake, when (he 
drainage of the mountnim d««cended without objtrnetion to the bottoms 
of the valleya. In this nMpeet, and in otlu^r n^spiuts t< > h< ilwvl >]hh\ t'urther 
on, the pre-Boniievillo coiitlUionx weru identical witli the |>ost-Uonnovillo. 

Illustrations of this geneml fact coultl bi» nfMnrofl nimortt without limit, 
for they are afforded by all the slopes of the bat^in, but a few will suffice. 

In Plate VIII tbere appears at the right a portion of the western finont 
of the Frisco Ranges The orowded and uneven contour Knes mark the poei- 
tion of steep-fiicfd rock ondeigoinK erosion. At ti>e foot of th» range is a 
system of alluvial roues, reprtwiited by contours with smooth curve* and 
regular nprtrps Still lower are the contours pnMlui pd In' wrtve action, and 
lowe^it of all is tiie outliue of a playa. A moment's attention will show that 
the gi'eat alluvial cone at a, which, like a trunk glaeier, is compounded at 
its head of a number of single cones, is repreeented at the base of the 
slope hy the convexity at e. The cone ( appears, though leas plainly, at /; 
and the cone d appears at A. Tlir > mic r is greatly disguised at ff, Ixiing 
losided with a gn^ip of f^mliankmi nts; Imt If is prolwble that it hius luid 
something to do witli the deflection of shiu i -l urrents wlujreby those em- 
Ijaukments were orijjinated. Couverjiely, tlie indeutatiou atj reproseutH the 
unbroken rock-ftee at t, where for a space of half a mile no debris-oonvej- 
ing gorge issues from tlie mountain! and die dearth of detritus in the region 
k is represented bj the indentation at The map also suggest.^, wliat a 
study of the gnmnd deinonstnites, that the material built into embankments 
wjus derive<l by the parin;j- ,iw;iv of th<" <*()a,st to tlie north nf o;ul( li'ralit\ of 
• de^rasit Coiuidered by themselves, tin- monuments oi the waves" activity 
are by no means incoDnderalile; each group of emUaukraeuts oontuns 
some hundreds of n^Uons of cubic yards of gravel; but they sink into insig^ 
nifioance wlien oompsxed mtii the stitprnidous monuments aS alluvial aetsv- 
ity on which they rest. Tliey are mere appendages, and the erosion of 
their mritc'rial from thr arljnreTTt s1o{)cs hart by no means obliterated, though 
it hiUs si»iuewhat defaced, the alluvial fonns. 

Granite Rock, an isolated mountain of the Salt Lake Desert, has at its 
north end a gorge dividing the extromitf into two narrow spurs. About 
these spurs the Bonneville waters rose to a height sevend hundred feet 
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aljovp anv alluvial accumulation. All about the spurs then' in a distinct 
ternicu cut in tlie granite at the highest water level, atul tlw mim can bo 
traced, less contiuuoiuly but still ummstakably, along the sides of the 
goi^ to its head. Thb lelatiou could not 5ubnst had not the gorge and the 
spun been carved out in substantially their present form brfore the waves 
attacked them. 

Bradley, speaking of the omytOl of Ogden River, says: 

UiseriilQQl tbat, wbvti this canyon wan origiiiall;^ «X49»v«te(l, tbe Great Salt Uiks 
was not fur, If at all, abovo it« pre^piit level ; no tlint t1i« ninhjng torrent whieh wore out 

this old roniiiti'd bottoii> itict no clicck niitit it li.ul jiassi-d untin ly Ix'voikI (he inotiili ol' 
theoiDyou. Ibere followed a time wlieu the lake Oiled nearly or quite to its bigli««t l«'r- 
taea; aiMl,aMaa«bile,tlie Ogilen River ooatin tied to bring dowa the sand and iwbtiloii 
which It hml lierore been acciiNlonitMl to swevp out U|>on the lower terrat^, hut now, 
checked Ity the fining lake, depomtod thorn in the lower partii of itn old channel, until 
they accumulated to a very high level, not yet nccurutelj located. Again, the lake 
letirad, aud the alnuMn again cot down its cbauuel, sometiaieB raacliing ita old toval < 
sad aonetimea not.* 

In each of these localitieB the subaerial work antecedent to the lakb 
epodi has greatly exceeded in amount tlie lacustrine work; and the last 

hati in like mainu r i-xcoeded the suliaerial work subsequent to the lake 
ej>t>ch. Disregarding the rate at which the ^r vt nil processes are carried on, 
it is ovtdoiit that tli<» roimtruction of the alluvinl cones of Frist o Mountain 
is a greater work than tlm building uf the enibankiuentii tliat ornatnent tlieir 
flanks; while the preservation of the embankmentB shows that little alluvial 
accamulalion has since been made. The carving of the spurs and goige at 
Granite Sock implies the decay and removal of cubic miles of granite, while 
tfie produrtioti nf thf ahore terrace involved the excavation of only a few 
dtonsand yardii of the same rock. 

The ahore-Uues of the series in the Honne\nUe Basin are not of unifonn 
magnitude. The water rose and f*^ step by step, but not with equal pace, 
and at a few stages it lingered much longer than at others, giving its waves 
time to elubonito rec^inLs of exceptional j)roiiuiii ii( (' One of the excep- 
tional records is that which holds the highest position on the slopes; and to 

• U. 8. Owl. 8if*. of Tinr., Ana. Bqit. tac ttSf, p. UM. 
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this <me, par exoellenoe, ibe name Boniumlld has been applied. It marks 
die greatest expame of the ancient lake, and fomu the boundary of the 

area of lacustriiui jdienomeim. 

AIhivc tilt' Ikmiu^ville »Iiore-line tlio whoUi aKjwct is tluif nf the dry 
land — lit re, an alternation of acutely cut water partingH and water ways; 
tliere, huge, rounded jjilcB of alluvium; the first strtuiui-earved, tJio last 
strenm-bttilt; and each preaenttng to the eye a Hyittem of inclined profiles. 
Below the shore-^line, the same oUiqne lines are to be found, but with them 
are an abundance of horizontal lines, wrought by tbe wftves at low<>r levd;^ 
tile teiTJU'es, beaches, bairiers, and embankments of lower shore-lines. 

Kx<-i'|)t In slieltpred bays, where the waxen had little force, niid except 
on »ino(»tii, mural cliffs of rock, where a l>each »'ould n<)t cling and where 
the waves were impotent for lack of erotnve tuolii, tlio contrast between wave 
work and stream work » Strang, and the line separating the two types of 
«arth-t(lui|Mng is easily traced. If the Bonne>'iUe shore-line were &r less 
deeply engi-a\-ed than it is, it would still be eonspicaous by reason of its 
position. A-^ it is, nn geologic insi<rht is necessary to diwov{»r it, for it is 
one of the j>ronounced features of t)ie ci»untry. It confmnts all iieholdei-s 
and insists on recoguitiuu. The touritit who visits Ogdon oud Salt Lake 
City by rail sees it on tbe Wasatch and on the islands of Great Salt Lake, 
and makes note of it as he rides. The fiarmer who tills tlie valley below is 
familiar with it and knows it was made by wati-r; and even the <'ow-boy, 
finding an easy tnul along its termrc as he "rides the range", it^lievesthe 
nionotonv of his existence by lia/.aiiliii;^^ a ;rti("ss as tti its nrijrii< 

The altitude of tlie Bonneville slionviine is about 1,(I01> feet above Umit 
Bah Lake and about 6,200 feet above the ocean. lu ddining it as the 
highest sliore of die bann, I have assumed the correctness of the more 
prevalent view of a in«M)te<1 question; but before proceeding farther the op- 
posing view, should be considered. 

THB QUBSTION OF A HIGHER SHORE-LINB. 

It has been announced by Peale' that there is evidence of a Pleistocene 
lake in thi' n<ini!fvil1e Rasin with a water level ftotn 'KtO to HOO feet ahove 
tbe lioniieville shurt- liiie. or fmm 5,501) t<i .'i.Sim feet abnve tlic sea. '"On 

. •Tiw> AactoatOnUelofGretttSnltLiaie. By A. C. Prnlo, Am. Jour, 8ei., 9d Mrim, vol. la, U7S, 
mi.«HM44. 
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hoih Hide« ul the Portaeuf where it comen into Marsh Creek Valley au 
upper ten-aoj h seen, und in 1872 Prof. F. H. linuUey also readily identi- 
ted on upper terrace in the Uanh Creek Valley at the level cf about 1,000 
feet above the stream. In Qentile Valley and in Cache Valley also, traces 
of tills upper terrace exist" In the piissage reffrred to,' Bradley mentions 
this terraee in connection with stn nm tciTJic*'!*, but docH tint speak definitely 
of its ori;;in. Its interjir< tatioii n hhore teatiu-e tin k tnic rr sts with IVale, 
who regai-ds it as ideutical with the one observed by him "ou both sides of 
the Portneuf." It haa not been seen by me, but I am by no means sure' 
tlwt in seeldng it I succeeded in following Brndley*a route. With more con- 
fidence it may be ass<'rte«l that Marsh Valley is not <'ontoured by any well- 
marked shore-liiH'. I was can-ful fu s(ii(l\ its slnpcs t'n<iii stations at varioilH 
levcU- HH»l tin«h r tavoruble atiimsitheric conditions, and 1 failed tu (li>^rovvr 
even the faintest trace of wave work. The same ciu'eful search was made 
for high-level sliore traces in Cache Valley and Gentile Valley, but none 
were found. There are indeed terraoea in Gentile Valley, and these are 
dsewhere mentioned by Peal'e, who found dieir sltitudes 5,526, 5,242 and 
5|186 £eet;^ but tlipy nro streHiii tcrmces, not shore terraces. 

Tt IS with t ( lot taiKM' tliat I record not only my iind)ility to rtHliscdvfr 
phenoineiiH whi<'h another has re|»orted, l)ut also my opinion that his rej«M (ed 
discovery was based Oil uii eiTor of observation; but the question here in- 
volved is of such importance in its relation to the Bonneville history tliat it 
can not well be igmNred. 

As set forth in the se<-ond chapter, there are various otiier t}"}K's of tor- 
races Halilf to be mistakrii for shoiv tcrntccs; ami tlic nittfriii^ of sli(>i"e ter- 
ni*'i's ami <itlicr \^•ave-wrou^'llt ti atiircs in tlie sjiiiic Imi-izontal line, or plane, 
in a <'iiaracteristic of gjeat imjMirtnnce in their discnminatii>iL To the ob- 
server who places himself in that plane and views the ^taiit hillside at his 
own level, certain elements of the various shore features appear united tu a 
horizontal line. If he select>i for his observation an hour when the distribu- 
tion of lifjflits and shadows gives strong expression to the d(*tails of the con- 
fijfuration, he is ablr* tn dcti'ct a sliorc rccorf! so faint that he nii^j-ht cross 
and recrosH it ivpeatwily witlumt sii^jx i tin;.^ if> cxisti lu-e. Having searched 

' ll»pt. 8. Grol. Sofvry Torr. for I^Wi, |>|>, •XV-'an 

• Jtepi, U, a UmI. Stmcy Trcr. tat IStl, Wadin||t>Hit p. SHI. 
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with distant view nnd selected light for the reporteil liigli-levcl shore trares 
in Marsh and Cache VallcyH, and having failed to diM:uver them, I uai satis- 
fied that Peale mMinterpieted terraces formed m some other way. 

The matter is not fiilly wt fortii by the rental of die oonflictiiig obaer- 
vations. The Vtilley of Miirsli Creek fiilln outside not only the HouneviHe 
nnsin but the fSrcat Bnsin, It is dniined to tlie <,nTnt [iliiiM nf the Snnke 
River l)y a deep and rather l)r«>ad eanyon whic li bettrs the marks of antiq- 
uity. The sides of this eaiuyon, though of erystalliue and schistose rocks, 
are not aleep^ and at the nUMt ooastricted [Miint there is a flood-plain a thou- 
sand feet hroad. If there was, as Peate suppoBea, a barrier at this point 
contaiuuig the ancient lake, then its cutting must have consumed a long 
]ieritKl; and it is incredible that slirire terraces have survived the contem- 
j>onnieoiis ji^'neml waste of tiie surtrtctj. If there was no harrier at this jKiint, 
then the supposed lake wati a great iulaud sea, fl(»odiug the plain of the Suake 
fiiver, and its shore tnicings on the margins of that plain should have heen 
much more conspicuous (by reason of the greater magnitude of its waves) 
than any drawni in Marsh Valley,— but they have not been discoveix'd. 

Moreov er, a body of water capable of forming the supposed shore ter- 
races in Marsh Valley would hnve extended not only to Caclic and Gentile 
Valleys but to the Cirwit Salt Lake Desert, and the work ot its wave* should 
he visible, if any whero, on the &ee of tlie Wasatch Range. In that region, 
the eonditions for the generation of laige waves are far more favorable tlum 
in the relatively narrow valley of Marsh Creek. Nevertheless, a higher line 
has not lieen observed on the raar;.nn of the greater btisin. Not only hag 
I'cah" failed to record it there, but Bradley, IIiiw. ll, Eiiiiiicttis, Hague, and 
King have ex])resslv nottHj tln' linntieville as the higlii st slmn -liTje.' 

It may be objected that the I'ailure of these numerous observers to de- 
tect au upper Hhore-Uue h uegativu evidence merely, and should be given 
little weight in comparison with a single positive observation. But the fail- 
ure to detect is in tl^s case something more than a negation. Subaerial land 
sculpture is as positive a foot as wave-wrought shore sculpture; and the as- 

■ F.H.Bn4l«y, II. 8.0*01. 8orv. uf Trrr. Aon. Rnpi. 183V, f. IM B.E.Row«II,U.8.0eal. gnrv. 
Waat otthm lOOlh Muridipn, vol. % Goolnj;;, p. 2u0. 8. F. Boudm^ U. 8. OmI. BlC|llor. 4Mh P^rallnl, 
vol.W, Dem-riplive MeoloKV, p. 441. AriioM Haji(u<>, Idem. pp. 481, 488k ClaHDM Xiof^ tJ. 8. UmL 

ZxfloT. 40tb Pankllel, vol. 1. ttjr»t«in»(ic G«ologf . p. ^1. 
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scTtiou that the litMiiunille is tlie liigb^st »hore-line implies the aKst-i iiiiu that 
ftbov« it tlie t4^)p<><rnipliy b of the ordinaiy dry land type. Every rciro^- 
tion of an ancient shore is baoed, consciouidy or uuconaciouftly, on an ac- 
quaintance witli the ordinary characteristics of tlio featnios of tlie land as 
well as with the pecnliaritios of shores; and ability to dist -riminuto the pros-* 
enco of wravo sciilpturo implies in the n>\mo (h>(rn.,> iihilitv td note it< nlweiiee 
ami its liiiiil.s. The suprfinaey ot llie lioiuieviUe shore has heen ix'<'(»{rni/,etl 
not only by luuiiy ohscrversi but in a jrreat ninnl^er ol" k)culitjt*8, and au induc- 
tion resting on so brood a basis may justly demand of a coniiicting obser- 
vation the most rigorons verification. 

If the reader will turn to PUte IX lu will be able to realixe the woij^ht 
of this evidence. The view presents the lionneville shoi-e at the pass l)e- 
tween T^Mu^le and Ru-ili Vidh'vs. The nhscrN cr stain!'' <m the \v«»st side of 
tlie pass and looks eastward toward tiie Uquirrh Mountains. At the left 
lies Tooele Valley, open to the main body of the old lake. At the right is 
Rush VaUey, which held a sheltered bay. The greatest waves came from 
tlie north, and, b^^itinrr <>n the southeast shore of Tooele Bay, carved out a 
lon;^ line of sea-< liffs. The debris was at the same time driftwl snuthwanl^ 
p.irt (if it beiii^' btitlt iiitn .-i fri'e spit 7,000 feet lonp and InO fret lii^-Ii at the 
extremity, and anotlier part ix'in<r aceuinnlated durin;? lower stages ot liie 
lake in an immense bay-bar, obsti-uutiu^ the puiis. The spit appears in the 
picture at the right, following die hasp of the mountain. Tlie bay-bar 
extends from die center (tf the view to the foreground. It will be observed 
that the tine of si^a-elifl* at its most distant point iiiipin^''OS on a spur of the 
mountain; and at it** snttthern end, jiear tlie middle of the picture, it tnnches 
another spur, wliilc in the inn i \ ;il it crosses oidy the alluvial slope. Tliere 
coulU scarcely i>e a greater contx-ast than between the sculpturing of tho 
mountain-spurs above the line of sea-difis and the smoodi contours of the 
slopes below that level. The clifis are here of rather unusual height, and 
the shore embankments are of exceptional magnitude, so that the sepamtion 
between subaqueous and subaerial t«)pofrrapliy is more than ordinarily dis- 
tinct. Tliis fact does not weaken the evidence that the Hoitneville shore-line 
is the hiirhetst, but j^^ives it {>reater strength. For, ii* the water had occupied 
a higher level in Pleistocene time, the waves would have becu able to record 
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it at this |M>iut by a sliore-line of uniiiistakal)l(> di'tiiiitioti. It' siioru tnicc4< of 
n grt^att'i- lake are anywhore pit'servt'd they nliould he found at sufli a jwiiit 
as this, wheixi the ('onditioiis for wave l>eatiiig are exceptionally favorable. 
The same lesson may lie learned from Figure 21, and from the views on 




i .■■ .1 lt<.ii>H M.ii ^u<: Uit< t[i.t-(lhii<' > Dilmiikmrtiu ufwr U'l lUviUtv Tuili. mIiuwis^ riMitn*t brtvaou Liiwnl aimI 



Plates XXI and XXII, representing!; the shore topography and mountain 
topofrraj>liy at Wellsville and Dove Creek. 

MORE ANCIENT LAKES. 

Although Peale's supposed discovery is unverified, and though it is 
believed that an exhaustive investigation would prove it to be illusory, it is 
nevertheless true that some or all of the mouiituins of the Bonneville Basin 
were girt by shoi-e-lines long befoi"o the Bonneville ej>och, and that if these 
shore-lines were extant they wouhl, in some phices at least, lie higlu;r than 
till? lionneville. The mountains against which Lake lionneville washed are 
relatively very old, so t>ld that they were greatly eroded before Tertiary 
time. Ever sin»'e their first uplifting they have been wasted by erosion, 
and during at least a jwrtion of the time the detritus worn from them has 
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bet'U n-ceivLtl by the ititerjatiait valley* Tlie «k';rta«l:»ti<iii of tlu-ir eri'sts 
anil the Iturial of their hasi-s woukl hmjr "''ur<> liave (ihliteiated iheiii had tliey 
not iM'en jireHervcil l>v a >eries of sn|)|)lt iiiMit;u \- ii)(Httin«i-s, which, like the 
urigiual, were dirierential, uot buiu^ sliaieii by tiie iiirerveiiui<j valluy», lu 
die region of the Oreat Salt Lake Desert, where a plain haii been foiined 
by the ooaleMceuce of many valley« and the local burial of the nuiges, the 
depth of detintus nnist be iseveral mileH. Of the conHtitntiou of this depos- 
ited mass nothing is known l)y diifet observation It is smoothly eovered 
bv the sediments of Lake 1{*>niH'V!l1c, ;md no ^^icti'Xi is i'XiK»sed. But indi- 
rectlv we nre «hi»wn that .some (tiiri «tl the (h'l»ris was spread under %vuter, 
fur the u))ri.>in<^ iiKuuitaiu r.iuiges Imvo luuried with theiu here and there, 
clinging to their flanks, small patches of lacustrine strata. It is believed 
that four separate groups of lake bods have been thus distanguinlied. Hie 
first of tliese occurs in tlie southeaHtem part of th<; Itasiii, and probably 
touches the shore of the iincicut lake only in the estuary of the .Snier 
River. No fossils have been found at that jM>int, but there is httlo reason 
to doubt tiiat tiio strata were ouco coutiuuouji with the I'iiik Cliff foriuatioii, 
trliidi covers Uti^ areas farther east, and has been claused as early Eocene. 
The principal locality of the second is the eastern base of the Ombe Range, 
where an isolated outcrop of b ux n strata resting agunst the mountain 
di|is abruptly beneath the later sediments cif the desert. Tliese strata have 
In^en trorrelated on litholoj^ic pounds with fossilifenius ImmIs farther west, 
Hud are regarded by tho geologists of the Fortieth PiU'ullel Sui'vey a.s of 
Middle Eocene age^ The thud group, though yielding no fossils, is believed 
to he Neocene. It was first noted by Emmons in Rush Valley south of the 
Oreat Salt Lake Desert, and has since been found at the narrows of the 
JonUin River, at Salt Lake Cit\', at the north edge of the desert near ^fadin, 
and «t the extreme n<»rtltwest eonu r of the ba.sin in Caehe Valh \ , wlu-nce 
it extends aeross the rim of tlie basin into Mai-sh Creek Valley. I Ih^ strata 
of the fourth group, kuuwu chiefly from the iuvestigittious of King and llay- 
den and their assistants, occur at a ntimber of points along tJie northern 
maigin of the plnin, and are believed to appear also nordi of the divide ui 
tlistricts now draining to the Snake River. From Morg^an Valley to Cache 
Valley they occupy a trough between two divisions of tlie Wa«atcU liange. 
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On the low northward continuiition of tho iiiaiu Wamitch ridjje, when* it 
separates Cache and Malade Valleys, they aix' seen to be wra])p«'<1 around a 
eeriisn uf low cra^» of PaleuKuic ruckb; and it i» uvidoat that thuy have 
been nited to flieir praaent pFominent position by die felifiiiig of an uunent 
emt On the eut aide of it they have been upturned by the disi^aoement 
M> M to dip at ft high angle beneath the Bonneville lacustriue beds of Cache 
Valley. On the west they are «eparatwl fn>in their original eoutitiuution 
bGiKMtli Maladt- V,(lh»y by a fault, the throw of which is j iriilialily more than 
1,0(K» (kiifU Tlieir relation to the third group ha.s not been established, 
and it i« possible that they runstitute a part of the same series. The local- 
ity of the fifth group is just north of Salt I^ike City, where an epadette of 
Tertiary gravel and sand rests on a jutting ahouldn' of die Waeatdi Range. 
This fragment is completely surrounded by faults, its easteni continuation 
haviiij^- bci'U liftt-(l luf^li in air and nblitrratf"! by erosion, and Its pre ilonjjn- 
tion in evt i v other direction havinj; bwn dropped so lo^^ that ii i.s at «»uee 
preiierved and concealed by the dejxmits of the plain. This, too, in uulbs- 
uliferons ; and it is here assigned to the upper Neocene merely on the 
strength of its structural relations. It b needleae to enter upon these at 
this pla«e ; but it should he remarked that iho sane rdaticmst oonmdered 
bom another |x»int of view, led King to surmise its Eocene age. 

Each f^f tho.se lak< s tiiado its (Miitriluitiou to the fi!liii;r of the basin, 
rec«i\'ing, snrting, and spreading the debris from tlie wiivtin^'^ mountains; 
but ueitlier c*iu in strictness be called the predecessor of Lake Bouueville, 
for neither was confined to the area of the Pleistocene basin. So far as in- 
dicated by observed outcrops, the oldest Eocene lake lay almost entirely 
outside the BoiuieviUe area; and il may have e.xisted at a time when the 
gi"eater part of that urea was dry huul. Hie second sfn tdicd westward far 
beyond the present di-ahianr of tlie Salt Lake Dest i t, and may lia\ e over- 
lapptxl the Bouueville Basin but slightly. The tliinl and tourtli encroached 
northirard on the dnunage of die Oiliinilna River. Too Hide is known oS 
the fifth to indicate its relation to the Bonneville Baaitt. 

Their record is ex.ceedinj;^ly fragmentary, but if it were full it would 
still give an imperfect history of tlie basin in Tertiary time, for there is no 
reason to believe that they represent more than a small part of that timei 
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TIk'v tell lis, li( i\\ cvt i-, that tire |)liv*i<'!il tnntnl-inns i»t" the ]K'riotl included 
uuiiiernus local elevations and depressions, whereby ilie draiuage of the 
ooimtry waa repeatedly rerolutaoniied; it was dry land at one time and 
aiid laJce bann at another. It is quite poBsibte that the lakes were except 
tional i^enonieni), and that the prevailini; condition wsa* one in whir-h the 
whole ami draine<l to the ocean. It is equally jiossible that the Bonneville 
Ba^in continuously held a lake wliich. us the land nise jitid fell uneciaally, 
v,m ex])an(h*<l and contracn-d, n*>w in one direction, now in another. 

The character of the lake b«d« and tlieir relations to tlie mountains, 
•how in numerous localities that the ranges were not submerged. Waves 
must therefore have beaten on their flanks, and the cliflb, terraces, and em- 
bankments peculiar to shores must have been wrought, hut of these there 
is no known ve.stl<re. When tlte stnicture of the inmuit iins In i n clnlio- 
nifeh" studied, sn that tlinsc «'lciiit«iits of their ri ui(i;;iii atii ill whii li ilt*|>end 
on tile distriinition ot stmta and on faults can hedetinitely indicattnl, it luuy 
be possible to point out'diasected terraces and ruined seo-clilb as remnants 
of Neocene shores; but for the present such vestiges are beyond recognition. 
A shore is of the most perishahh^ of geoloigio phmom^ia. It is little more 
than a congeries of forms; and whether worn away l>V aMnospheric agencies 
or buried by sedimentation, it ceases to be available as evidence of a water 
margin. 

OUTLINE OP THB LAKB. 

The ottdine ot Lake Br)niieN'ille at its highest stage was intrirate. Its 

shores presentetl a succession of promontories nnd dpoji bays, and it was 
U'set with islan<ls. Its longer <liameter lay north an«l south, parallel to the 
tren«l of the niountsiin ninges of the tUstrict an^l to nearly all the Hues of 
geologic stracture. ha general outline was rudely pear-shaped, with the 
stem pointing southward. A straggling series of promontories and islands 
crossed it near the nn'ddle, dividing it into two principal bodies, of which 
the northern and larger covered the Great Salt Lake Dewrt, and the south- 
ern the Sevier Desert. The Innjy sctnthwanl bay repn'seritiiipr the -^tem of 
tlie pear, ocoipied the Escalante Desert. Tlie main body was joined to 
lihe Sevier body by three straits, of which the deepest and broadest lay be- 
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two(»n Simpson Moinitniii nt tlic rnst nnd McDowell ^fnnntain at iho west, 
ill the- region now kiunvii as ilu> (>i<l liivcr Ik-tl. The Kst aluntt' Bay was 
connected widi the Sevier body by a long strait, roost coiwtrieted at Tlier^ 
mm S|»r{ng; 

Thf following details (ire of Imul rather than general intereBt, but are 

t'swntial to a full (U-scnption of the lalt«t They will Ix- more readily fol- 
lowed l»y the aid of rfie litrirc map atTompanyin? thr- volume. 

Tlic tri'iul of tlu' ranges gavo chanictpr to all ilie major details of the 
coast, 4Uid the axes of the larger i»laiiiLs, |K>uiu.Huhus, and bayH lay approxi- 
mately north and iMufh. Beginning at the nortli to describe them, ire have 
first Cache Valley bay, an oblong sheet of water, tangent at one side to the 
main body and rli> n joined to it by a broad strait interrupted by several 
islands. Inside ihe Kay were three islands, wiio.se positions are now Tunrkcil 
l)V Franklin, t'aelie, stud F^nffle < 'n-^-k hiittes The hotte ii«'nr Smiiiiiieid 
w;u> likt'wisti an island at tii ,-.t, ilumgli rinaiiy ennneele<l witli tiie land liy a l»ar. 
The canyons of Bear, Cub, Logan, and Blacksmitli rivers were occupied by 
iideta, and the Bear River inlet may have readied at first to Gentile valley. 
These were all •rradnally diniinitihed by the deposits from th<> streams, and 
eventually the 13ear River iidet waa approximately! and ttie Logan com- 
pletely, filled. 

Maladu Valley hchl a long bay nuining northward Ihtiu the main iKxIy, 
and liaviug an expansion where tlie towns of Malade and Samaria now 
stand. Parallel but Htnaller bays occnpied the Pocatello and Blue Spring 
valleyH and tlic valleys eoiitaiiiing Ilanzel Spring and the town of Snows^ 

vilie. I'ark Valley was filled by a bay, exceptional in its east and west 
tivnd, and si>]i:tr;ir('fl from the main ImmIv bv a irrou]* of i'^liind^ The Prom- 
ontorv ranj^e was divide<l by a strait at tlie point where it is erossed by tho 
Central Pacific llitilroail, tliu north part being a peninsula Jind tlie south a 
narrow, rocky island. 

Little Mountain, near the town of Coiinne, was a smalt island, and the 
mountain frf>m which Ilanzel Spring issue's made a group of islands. There 
were three snudl islands near the >itt of Kelton, ami one just south of Ter- 
race The Ombe rati>r<'. im ImliiiLr i'ilot I'enk. w;k ;hi islmul. shclterinjr 
behind it a Imv or sound from wliicii a narrow arm ran northwaixl to 
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Thousand Spring Valley, the extreme limit of the water in a northwest 

diriM-tion. 

Of the oxistinfr islainls of fJnsit Sjilf Lnkf, Statishitry ami Aiitt'lopfi 
were i^luiuk then, and Freniout liarely shdueU its ajMiX above water. Of 
die **loBt nKMintaina" of Great Salt Lake De»ert, neariy all overtopped the 
flood. Silver Islet, Newfoundland, Terraro Mountain, Lakende Mountain, 
Granite Rnek, and a half-<lozen nameless bttttes, were t in led Ijy mcky 
and inh(»s])ital)U> coasts, l)nt tin ('( i];u IJaiiirc west of Sknll Valli \ iiDidc a 
l)rti;iil and low island, which, hluiik ami IxuTcu m it uoww, w« tuuy picturo 
as tlien niantle<i with verdure. 

The eastern shore of the main body followed the steep hase of the 
Wasatch Mountains, and had a simple outline except at three pointo, where 
it was divcrsifii'd by the estnarteH of Box Elder Creek, 0;i;<h'n Uiver, and 
Weber Hiver. Tin' l?u\ Klder cstuarv <'Xtend<*d nearly or (|uite to the little 
nioinitain vall<'\ wlici.' the L^anish si'ttli'tiient of Mantna lifs. O^^dcn 
Canyon was occupied l»y a long and narrow sfnnt, connnunieating witii a 
bay tievenil mtles broad, hemmed in by inountaiuM. Tlirough the ean3'on 
of the Weber a similar strait connected the main body of the lake with a 
■mail bay in Morgan valley,-^ bay on which the Weber delta gradually 
eneroadied, but which was not completely oblit^ted before the final 

tabsidenc(> of'thr* \\;it(^r 

Vlw western shore ot the nuiii) body followed the eastern base of the 
Go.siute niiij^e, atid was eharaeti-rized by au abun<huice of small ishmds. Its 
only estuary ran southward a short distance into Deep Greek Valley, .^t>j|)- 
pmg several miles north of the settlement 

Soulliward from th<' main body ran tour long bays, two aswiciatetl with 
the ea.st slu>re and two with the west. The first of theiM^-, eountinif from the 
east, was divided bv a rlosc striffnre info an outer bay ami an inner, the 
outer covering the valley ol the Jordan Uiv(!r and the iiuier spreading <»ver 
Cedar, Utah, and Goshen valleys and a part of Juab Valley. In the mner 
bay the Gkishen Hills made two islands, and tlie Pelican Hills constituted 
OOP larg»! and aeveial snail islands. Small estuaries o<'« npied Eniigratiou 
and Little Cottonwood canyons, connecting with the outer bay, and the 
inner bay sent an estuary into Provo Canyon, llie shallow arm in Jttab 
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Vall<»v was tu'sirlv hy one of tin- (loslii'ii islaiulH Tt (■<inin i r( d by 

the canyon ot halt ( 'm-k with t!ie diviHiun of tho hay in Oosiien \ alley, 
and hy tlie pasKi followed by the Utah Southern l(juUx>ad with ttie bay 
in Utah VaUey. 

The second of the southward fltretehmg bays was shnilarly constricted, 

its ouftT and open portion rovcriiif,' Toim-Ic Vall«'y, aii«l it.s inner, Tl\i>h \"al- 
1( y Hie two were nearly dissevered by the formatiouof a wave-built bar 

at iStockton. 

The tliird bay occupieil White Valley, a baiTon plain between the Con- 
fusion Bauge and the hij.'h (jart of the House fiang^. Its entrance was ob- 
structed hy a rocky island con»stuig of the northern part of the House 
RHnjre, and a lon<^, crookeil arm extending Koutliward lacked little of cora- 
munic-ating witli a southerly division of tlie lake and c<Nivertiug the main 
part of die IIou^* Rnntrf into an island. 

Tlie fourth l)ay o» cii|)ied iSnake Valley and watt long and i<hailow, txuTi- 
ing eiistward at Its Boutliem extremity. 

The Confusion Range east of Snake Valley, atid the House Range east 
of White Valloy, were massive peniiwulaa, joined at thdr southern extrem- 
idea to the westeni sliore of the lake. A eorri > ponding great iieninsula on 
the east siilc w;m cinistitntr-d l>^• the ()f[Tiinii, Ai|iii. Siiii|isnti. f'lifiT\' Cre<'k, 
and Tintic moujitaiiis ami tlieir ili-|>«-mii'iii i»-N and had a greater area than 
the State of Delaware. These peninsulas, together with the group of i-slauds 
lying between them, separated the main body of the lake fiom llie Sevier 
body. The group of islands comiwised two of lavj^ siae and about twenty 
of small size. The largest inland was crmstitute*! by the Dugway Ilaiige 
and its southward ])roiongatioD, Dram Mountain; the second, by the 
Mi Dowell ^fountains. 

With UiO Sevier body wore eonnecl^^d two long l)ays nnming Moutb- 
ward and a number of smaller ones indenting the eastern atid ninllieaat 
wi coast Of the northern bays, one reoeivod the water of Jndd Credc 
and another that of Cherry Creek. A thiitl, oeeupying Tintic valley, was 
more coiiHtri<'ted at the mouth and eontniiied islandiL A laiid-loeked bay 
reeeiveil the water of . the Sevier l^iver and was partially filled hv dolta 
depo»iti>. It waii eouuected with tliu open lake by a uarruw paisc»igc through 
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t\w rail you Range, eompamble with die passage of the Hudson throagh the 

Uf tho tioutliern bays, tiie shorter and more open opcupied Sevier Lake 
Valle)- and EVeun Valley. Hie longer was narrow and irregular, filHiig 
the valley of Beaver Creek from Geoi^*e ranch to Minen»ville, and extend- 
ing tlienoe south west wani into the Kscaiantij Desert, where it was shallow^ 

Its total length was about one hundre<l miles. 

Tlio larireHt island nf the Si'vier bixlv was confttitnted by t})p Beaver 
R{in<;^«*, or Heaver Creek Itnujife, which wiw se|>arated by a narrow and tor- 
tuous strait from u pouiusular tract bearing the Frisco and I'icacho Mountains. 
There were two low islands a few miles broad close to the western shore, 
near Antelope Spring. The apex of Fumarole Butte was slightly emergent, 
and so wax the highest point of the contiguous Inva niesa. Small ishmds 
marked th*' >itt v >if I*;iv!int and Kniinsli buttes, tnid thore were four rorkv 
ishuids near tlic iimutli nt l^si alanle liay, one of wliich ii* now repn'sente*] 
by the moiv nortlieriy ot tlie Twin liuttes. lu Kticalaute Bay tlierc were tiv« 
or six islands. 

KXTBNT OP THB LAKB. 

The area of the Bonneville water surface was 19,750 square miles, a 
magnitude ranking it with the Laurentian lakes. A fifth part of tills belonged 
to tlie Sevier body with its dependendes, and the remainder to the mam 

body Its length, measured in a diit'ct line from Cache Bay to the sontli end 
of Efrnliiiiti' I'iU , wn> .'Mfl milfs, am! ils nxtrenie nidtli, frnm the mouth of 
Spanish l'\irk ('ativnii tn a pdiut uu llie Slioshone Haii^n' tit-ar Huiidon Pass, 
was 145 miles. If its water surface were given a cimdar siiupe, its circum- 
ference would be 500 miles, but the actual length of coast, exclusive of isl- 
ands, was 2,550 miles. Its maximum depth was about 1,(150 feet The fol- 
lowing table will enable the reader to couiiiarc tlx sc dimensions with the 
eorreeponding dimensions of Qreat Salt Lake and the Laurentian lakes.^ 

■ The am of Lak* Bannavtlla was nieaimnMl liy I. C. HnaMll ; tk« aiw, leoKtlas aail mUHim af 
tha LMuaatiaa laka^ Iv A. C Lam The Jenitth of » laka wa^ ibr tbu purixHMs, Muni la laa Oa 
iMgth aT Om l aa g a rt atnajht liaa tarnlna ted i.y two'paiata of tk* Ink* tkaia } iia widtk, tha gtmloit 
Si rt a n ai Wtww ifcom Ib a dtwa U ai at nKht augletaUiaUaaarttalaagtlL 
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TaBLK 1. DiMe<i»ioB» o f I.aka. 
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The greAter pnrt of the desiccated bed is an inreelaiinable desert, but 

its eJist<*rii ci\}ri' is the {granary *tf tlie Great Hasin. Tlu- IVar, tlip Weber, 
the Jonlaii, tlie Sevier, and <»tlK'r trilnitarien, ted bv the siiow-baiik.s of ft 
8roro of iTKntittaiii riiii^rc^^ rmd plateaus at tlie east, carry their Hfe-frivinff 
moisture to tlie gcnitii climate of the k>wlaiuLs, and a belt of oiises is tlie 
result Kdie water were to Hse again to it» old inadE, more than oue hun- 
dred towns and viUa^ would be submeiiged and 120,000 persons would be 
driven from their homes. The Monnon temple at Salt' lake City would 
stand in 850 feet of water, and the temple at Logan, die metro|iolis of 
Cache Valley, would stand in ''itiO fr ot of water. Fort Drmglas Wfutld be 
covered to a dej)th of I'lO feit, Ufrden H'lO, Provo GijO. Kelton l.'nm 

Steven Inn\dred miles of niilr«>uU would Ik; iimueratHi, and irans-conti- 
nental passengers would be transferred by boat either from Morgan City or 
from Spanish Fork to some point near Toanot Nevada, — a voyage of 146 
miles for the nortlicra route or 185 miloH for the iMiuthem. Tlie town of 
Filhnoiv wonlcl be half covered, tliO Stai< T!uiis<' liaivly ri ni;iiriiii<|- on dry 
Ifitid. niid Afinitu.-i. r.irndisf. Mortran, and Mini i-sville would be hike jwtrts. 
Heranion, Uin<i^liani, Opiiir, Venion, and Frisco would be peninsular towns; 
aud the muiiug tiuttlumeut^ of Drum and Buell would be strauded ou islaudii. 

SHORE DETAILS. 

The sinuosity ot the coast and its diversity of slope and material give 
to the shore phenomena the utmost variety. Every typical feature of noti- 
tidal shores is well illustrated, and some of the combinations are perha])8 
unique. 

The abundance of salients and reentrants, of prf <mniiton*es and inlets, 
hm occasioneil a Inr^re number of s^ts «nd bay havny while long beaches 
aud barrieri* are rare. 
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At !Ui crirlv st)if£f of th(! iiivi'stijfritioH, tin* writor thought that the 
coasts lat iiiu'" in i iitiuii ilim-tl. i;is eviileiice ot exceptional iiiiiouiit.s of 

wave work, ami iinagiiieil iliut lie liiul discovciud therein tlie recoixl oi" prev- 
alent westerly winds or westerly stonns in ancient times. This belief was 
dtssipatbd by further study; and lie discovered, as students of modem 
uliorcs long ago cliscovcreil, that ihcrc is a closo syni|>atliy between the 
magnitmlc of the shore ft atmv>«! :mil the " fetch of the efficient waves. 
The •n-cnJt-r llic fli-ifance tlinmuh which waves travel to reach n sffven roast, 
the jfreater the work acconipUshed by them. The highe.st clit^^, the broad- 
est tomtfifts, and the Ui^st embanknients are those wrought by the unob- 
stmctcd waves of the main body; and opposite coasts apfwar to have been 
equally affected 

The mmt iiitcrr stiiiH^ details of tlie n|>i>er shore-line are fi»und at locali- 
ties where similar detiiils affect the lower slion -lines, and it will biM-oiwen- 
ient tf) d<'scribe them in discnssing the onlcr of sni'cession of the shoi-es; 
bat certiun feature-s should bo mentionc*il lierv. The gruutiMt sea-eliflb are 
as a rule carved from headlands and from the islands of the main body, but 
the b^^faest of ajl occurs in the Jordan Bay at a locality Imown as the Point 
of the Monntain. For a distance of half a mile the cliff there lias ail aver- 
age hei^rtit of one fhoiisaiu! feet, the ennled material having been swept 
to tlie sontiiwestward and Ijiiiilt into a magnificent spit, art>und the extrem- 
ity of which the Utah Southern liaih'uad wiuds iu pasjiiug from Dniiier to 
LehL Another notable cliff occurs on the south fiice of a butte east of Dove 
Creek, and is visible from the Central Pacific Railroad between Ombe and 
Matlin. The eroded m i t rial wii8 in this cjLse swe])t eastward and north- 
wnnl, being cnn u 'l ahout tlir an^lc of the butte, then an Ishind, and dis- 
tributefl in embankmi nts on itis eastern face 

The cut-terraces of the Boimeville sliore are narrow a* coiniMired with 
those of one <tf the lower shore-lines. They rarely exceed a few rods in 
width. A good example can be found on the flank of the Wasatch Range 
just north of Big Cottonwood Canyon and others on the north end of the 
Oquirrh Tlnuga near Black iiock These are mentkKied as being easy of 
at'cess, but tliev nre less strikin;:^ than s>Mne that are car\"e(l on islands at 
variouii point.s near the mju'gin of the (i reat Salt Ltdce l^esert. 
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Spits are exrewlinffly numfrous, hriiij; attached t«» nearly all of the 
ancient islandH and to many of the salients of the main coast Of those 
having some ma<rnitude, the most accessible are at Stockton (1*1. IX), near 
Onintsvilh>, Tooele Valley (PI. XV), at the Point of the Mountain between 
I)ni|K'r and I^^hi, on Kclton Hiitte near Ombe station, and on the extremi- 
ties of the Terrace Mountains. 




Km. 3!.— Batb' nrar K>-ltaii UuK. 



Embankments ci»nn<'ctinfjf islands with each other or with the main- 
land are to be seen at the west end of Park Vallev, at Sinitlitield in 
Cache Valley, on Antelope Island in Great Salt Lake, a few miles east of 
Geor^je's Ranch south of Descret, and at the eastern base of the Gosiute 
Itiinge. 

V-sha{)e<I endiankments are m«»st numerous in Snake Valley, where no 
less than ten (mmmu". Four an* attached t<» the Siiupsitii Mountains opposite 
to the Old River HihI and cithers were seen in Preu.ss N'alley and in Heaver 
Creek \'alley. 
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Typkail deltas ace mn ( 'oitain parts of tlie vullcyti of all the iirinci- 
pal streams were occupied liy iiilt rs or ostiiHi-ips, utkI the heiul-- of tliece 
inlets received alluvial deposits ut the nature ot deluis; but the prt>ces8 of 
accumulutiou appears usually to have been tuTCsted before the depui^it hud 
exteaded to the opea lake; and nfterwaid, whea the lake receded and the 
■treams reftumed tiieir woik of excavation, all but scattered patches of the 
allnvium wa-, n move*]. American Fork, Spaiu'sli Fork, and Rock Creek 
built free deltas in the Utah Bay, and Spring Creek furnished one to the 
shore of Cedar lijiv. Imt t!«*no were oxroptional and small. At lower levels 
great dulttb» wero coustructed by many streams, aud the delt4W of tlie lioime- 
▼flle flhore are destaibed in ootmection widi ibew in oneof ihe latnr netions 
of due chapter. 

Phto VI exhibHs a peculiar circular bar obeerved in a eingle locality 
only. The sketch is in part ideal, for there ^vas m i idinmanding point from 
which to obtain the bird's-eye view necessary tor the bi st ])re8entation of the 
subject. Near the Old River Ik'A there is a group of tjuartzite buttes which 
were surrounded l»y deep water aud fonned a cluster of rocky islands. To 
the north and northwest die deep lake stretched unbroken for more than 
one hundred miles, bnt in all other directions land was near at hand. Each 
islam! butte shows a weather side facing the open water and a lee side fao- 
ing land. Kach weather side marked by a sea-cliff, which loolcs down on 
a broad terrace curved from the solid rock. The Icp sides liave no cliffs, 
but are embellished by embaiUuueut«! of viuious f<inus, built of the debris 
from the weather sides. In the case of the butte Hgure<l, the excavation of 
the platform was carried so for that <»i]y a small remnant of the original 
island survived, and a comparatively small additional amoimtof wave work 
would have aulficed to reduce it to n n i f From each margin of the sur- 
viving crest, an cinbaiiknient sti*eams to the licwnrt}. and the two embank- 
ments, curving toward each other, unite so an to form a complete ovaL At 
their point of junction they are a few feet lower than where they leave the 
butte. Their material is coarse, ranging up to a diameter of two feet, and 
is conqiieuioualy angular, ediilnting none of the rounding characteristic of 
detritus that has been rolled long distances upon a beach. Within the oval 
rim is a cup 38 feet deep, its sides and lip conusting, on the nortii^ of the 
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rocky slope of the butte, and elsewlurre of tin- wall nt loosely heaped blocks 
uf quurtzite. If the mutcriul woru vok-auic, ijislead ot' ijedimuutar}', it would 
be easy to imagiiiu &e cavity au extimct enter. 

Beierroir Butte, another idaud (tf tlie diut«r, is figured tn PL XXIV, 
and farther representtid in PI. XXV and in Fig. 3 of PL VII. It derives 
its nuaie from a series of natural cu])i< analogous to tlie one just describedk 
These are atta<:hed to it» steep slope!* ixt various levels, the proce.ss of con- 
iitructiuu haviug been repeated at as many epoclu iu tbi> Imtury uf the oscil- 
lating bka. In llih connee^u, only the cups sttodated irilk ^ highest 
ahore-Iine will be described. Tho longer diameter ot the butte trends north 
and south. At it.s northern dztreinity and along its northwestern face it 
displays a bold sea-cliff, from 50 to 100 feet high, springing from a terrace 
at the Bonneville level several litnirlrt'd fc^t bmad. On the eastern side the 
cliti'and terrace give place near the north eiul to a massive embaidunent, 
which first swiugs free from the side of the butte and tlien cur\'eii inward 
toward it, meeting it somewhat soutJt of the'nuddle. From die middle of 
the westem side there fltarts a siniiUur embaukmrnit} which, curnng through 
an oval arc of 150°, joins the butte at its southern extremity. Tlie interval 
l)etw«'f'n the teniiini u( the two etnbankment.% a space (»f 1,000 feet along 
the simthrjuitera taco oi tiie Imtte, was almost unaffected by ihe waves, 
being neither abraded uor coveix'd by debris. The material contained iu 
the embsnkments was derived exclusively from die weather side of the 
butte, and though each looped embankment joined the shore at two points, 
the conveyance of shore-drift 1 it.s crest appears to have been in one 
direction only. Tt is difficidt dearly to realize tiie process- of tliis con- 
veyance, but there is no question as to the fact. In one Ciise it K ft the 
tihore at a small salient, its C4)urse being thei-e tangent to the contour, and, 
curving through an arc of 9<P, finally assumed a ooime directly toward the 
ooast, there abnoat pradpitoua. In the odinr case it left die ahore at an 
obtuse salient, and before retnnungawungduough ao great aa arc as nearly 
to revenn ita direction. 

Tlie cups witltiii these loops have been somewhat silted up in modem 
times, but still, exce|>t for their dryness, they deserve the luime of reser- 
voirs. The uiisteru wtis foimd to be 38 feet deep. The embankments were 
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huilf in fiwp water uiul upon a tbutulation incliniiijr steeply from the shore. 
I'lieir I'uriUii are iudepeudeut of the couli<ruratiou of thek fuuudutiun. Thoy 
were not aceumulated from the bottoni upwiird, but were cousiructed by 
sncoesrive additions at die end, the boulders being rolled along tlie csrest of 
the embankment by the breakers and then (bopped in dei^p waiter at its 
6xtroiiut \ . Tlie outer face of the eastern bar has a height above iu> base of 
four hundred feet 

BMBAMKMHWT SBRIBS. 

It might be inferred from the preceding deacription that the Bonneville 
shore-line was the prodiu t and is the index of a Kingle uniform and eontinu- 

oiis wMti'T st;i<r(*. if has Ihmmi so rctrfinled hv i'vcry fihwrvcr who 

has |ml)li-licil all arriiiiiit (if it, and thf ijii]H'csfiio!i is rcadih aiirl prdjjerly 
derived troni it.s ordinary phase. There are, howtner, a tew h>caHtic8 
where the shore mark is distinctly resolvable^and shown to be compoonded 
of several nmilar elonents at slightly different hdghts superposed on one 
another. One of the most striking localities, and at the same time the one 
whieh fii-st deinoUHtrated the eoniiiound nature of tlie phenomenon, h repre- 
rosentc«l in IM. X. A rocky rn])v prnjectiut'' from the eiust shore of Snake 
Valley sheltered on one side a .•jiuall t)ay openinj? to the south. Acr«)!>is 
this bay the waves built a series of bars, as represented m the map. The 
outermost of the aeries, that is, the one forthest from tlie hmd, is connected 
at its eastern end with a shore difF labeled on the map ** Bonnevflle 8ea- 
cliff and tins cliff runs for some nules soudiward along the slope of the 
valley. 

A stiulvof the localitv (Icrnonstratt'd beyond (piestif>u that the exraviv 
tion oceasimiing the clitl arul it.n terrace, turuished tlie material for tiie bar, 
and futdiermore, that die same cliff line had previoudy been eomieoted 
with each bar of the series. 

It will be readily understood tiuit tho inner bar was the first one to be 
hnilt, and that the order of |K)sition is also the onler of aj^e. They stand sO 
neni lv at tin- sam«' level that no one of tlieni imild have Viccn formed in the 
rear of an«>ther. Tlieir differences of level tlinrefon- record i liatijrfs in tlie 
relation of the water to the lund during the period of their tonuation. If 



Digitized by Google 



112 LAKE DONBBriLLB. 

we call tliu inner bar No. 1 and its altitude 11 feet, the series will be repre- 
ueuted by the following list : 



ITo.! 11 

Nota 12 

No. 3 13 

No. 4 4i 

No. 5 «^ 



No. 6 4^ 

No. 7 8 

No. 8 0 

No. 9 0 

NfclO IS 



No inij)ortaiu-e i*t to be attaehed to the iudividuulity of the bars, Tliere 
ifl a ifaytbm of ftctioii in the piooMs of di«ir fonnatioii wliich would prevent 
the constraction of » conlinuoiis and even-topped terrace uud^ tibe most 
uniform condition& If the boy bad been bo shallow that tlie same accu- 
iiiiiliifion of whore drift would have almdfjed it twice a» inueh^ there might 
liavL' been twenty b;us instcai! (if ten. Tlie fir»t tluve bars sipfnitS* Init a 
single epoch, during wliich the water stood at one level, or jwrhaps rose 
Hlowly. Tlie next three, which in pouit of fact are but obscurely individ- 
ualised, rcpn^sent a sucoeeding water stivge eight feet lower and posribly of 
somewhat greater duration. Hie seventh bar shows that the next move- 
ment consisted of a deepetiing of the water and was not long sustained. 
Tlie eightli and ninth record tlie lowest nUv^p nf all. ami the tenth the liifrlicst. 
The ivxxxh cnntjuiis so iiiiii li iiimt' matiTial than eitlier of the otluis, l)eing 
founded in dtej)tr watur and carried higher, tliat it must be considered as 
represwting a longer time, and may be coordinated with eidrar of die ante- 
cedent groups. 

Outside the tenth liar tlic plain slopes gently lakeward, being inter- 
ruptetl within the area of the map only by a low bar, indicated in the pro- 
file. This bnr lies so far below the others tlial. il older, it mi^jlit not have 
intei-fered witli the wave* nctiou ueceiwary to their fonuatiou. Its i-elative ag© 
therefore does not appeal . 

Hie process of constmctioD is clearly demonstrated by die local deiaOs. 
The seoHsliff was excavated horn the alluvial foot slope of a mountain range. 
TTie derived material consisted primarily of boulders, lai^ge and small, sand, 
and a certjnn ]M»rtion of clay. The finer part was immediatclv wnshfp 
lakpwnrd liv tlif iindritow. That of middle grade wa.** cm-' i almi^;^ the 
shore to (III* iiay, and the larger boulderi> reniuuied in situ until sutliciently 
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mluctMl by iittritioii to be tniusported. In tlic the siii-l;u f currents 
were c^nicvutruted by coiivurgiiig shores, aud u jiowertul iiii<1»m1ow was jiro- 
duoed, whereby a furdier aepamtf on wan ^«cted, the shore drift being de- 
prived of a coanter gmde of debrii) tlian that previously eliminated, no that 
the iimtti'r actually dt>|Ki8ited cootufited of particles rau^^in;; from a half inch 
to four inches in dianit'tt-r, — a clean tiliiufj^lc \\itlu»ut admixture of sand. 
The sniitl find fine fn*Jivf>l thti« eliiniinttt f! Ijy the uiKh rtuw Wf-rc de]H>sit(*<l 
in largo jKirt near the head of the \my, causing the water to .shoal rapidly, 
and ultimately dctemuning tlie breaker line to a new poHition ouUide the 
finit, and thus initiating tlie construction of a new bar. In this way die 
dqith and length of the bay were at the same time iicognMBtvely dhninished. 

For purposes of com|iari8on the profile of the Snake Valley 1jui^ has 
iM'eii repeated in I'l. XI, where a seri<'s of similar phenomena an? also draWtt 
to tin- same s<-ale. A brief descrijjtioii will l>e ^iven of each hwality. 

At ilie head of Skull Valley, a few miles north of Govenuneut Creek, 
there is a low allavial water-parting separating the vaHey from tlie open 
desert at the west At the time of the Bonneville water stage this pass was 
reducefl to an isthmus only a few vmU in widtl^ and the water wsis hIiuIIow 
on each side, iht tli(» Skull \';illev side there were fai-nif*] ;i scries of hav 
brir-?, represented in pi'ulile in rite plate. The \viii<l> under rlie inJluence of 
which they weiv fonnetl, could havt^ l)lown »»nly Inmi the northwainL 

The tltird iirolile reprcMents in simihir nuinner a group of bay bars ob- 
served a few miles east of Sevier Lake. Tlie general trend of tlie old shore- 
line is there north and soutbt but at this particalar spot thme was a small 
cove I \ ing on the north side of a rocky promontory. The ban were formed 
by northwesterly winrls. 

Th(^ fourth locality is a tew miles east of tlu* thini, being on tlie op|K>- 
site side of the Ueaver Creek mountain range near (Jeorge's liiuick A 
small rocky htll was insulated at high- water stage by a narrow and idiallow 
' stnut, and across this strait embankments were eventually built by tlie north- 
ejwterly winds. The Itnit cf the embankment.s, however, did not completely 
clot»e the passage, aiul r<>mains as a spit, while the otliers are completed 
ban. Tlie t'i|tographic relations are shown by fig. 23. 

MON 1 8 



Digitized by Google 



114 



LAKE BONNBVILLB, 



Tho locality of tlie fiftli profile in tlie sonthwesrcrn luiffle of Tooclt- Val- 
ley, the constructive winds blowing in this case also from tlie northeast 






Ctak. 

The Dove Creek localily in far to the north of the otfaera, beings on one 
of the undent ivlaudfl aonth of Flaik Valley. Truns of the Central Padfic 
Railway pass it miilway Ix^ twccn Oiuhe and Matlin; and it falls within tho 
art'!! r<'prcHcnf<'(l l>v IM. XXII. If the ri ackr will turn t<> flint plate, lie will 
«ec that the HnnnevillL' sh<irt' is rcprt st ntiMl mi thi- soutliiiistcni faic «if tla- 
island by a sea-t-liif and terrace, and on the- noi theustern by an embankment. 
Tlie material for tho embankment was derived from the aeapcliif and carried 
around tlte angle by shore action, dtmbtless by the altematiug agency of 
winds from different directions. Bcdow the lionncvilli- cinlKiiikiuent there is 
a Hne series of other embankments, which will be described in a latwsectitm 
of Uiis (Oiapter. 

Tlie surface of the island was eroded befuix^ the lake e^xicli, so that its 
slopes consist of a series of ri^es ndialing in all directions. On the soutli- 
east face these were pared away at the Bonneville level, leduciug the shore 
to a straight oHflT; but on the northeast hue, where the action of the waves 

was constructive instead of destructive, tho ridgeM retained their form, and 

the enibaiikiiK'nt was built ai loss from out' to another, enclosiiiji; a series *»f 
.'uuall basins occupied by la;j^i)oa,s. The lirsl and second of tlies<^ basins are 
now about twenty feet deep, and are undrained. The enclosing paraj>el is 
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a simjde bar not Hiisceptnilc nf sitliflivtMiini, tlic f(inti;iti\c ctirmits njiy«'nr- 
to have lu-ld n uniform course <luriii;r its cniistnii firin. TIk- tliinl Ujiniii 
18 slmllowiT, and a n-rcutly -funned drain rt-veals a section of itn paniput, 
8howin;r it to comniit of the three bus iudicated in the lowest profile of PL 
XL The current at tlu« point muitt Imve Item thrown farther and farther 
from tlie bind a.s nccumulation proceeded. Tlie fourtli basiti is HUnilar tOtJlfi 
tliird, biit the fiftli has iiu inner bar. The Iow-lyin{f inner Imiiis aro «»bvi- 
ouslv I'.hh^r tliuii lhc liij^h outer bar, and tlic niiiKir tf'Ufttre.H of tli(! hx-alif v 
tend to the cinu lu.sion that, during the jM-rio<i of their foiyiiation, the train of 
ahorv drift did not extend to the fiftli b«uu. It i* inferred by analogy tliat 
there was an antecedent time, within the epodi of the Bonneville shore, 
when tlie ahore drift foiled to reaish the third basin, »o that the series of ban 
tlieru exhibted IK incom]dete. 

I-et US now consider the (|Ui*stion why the successivtily loinicil liars in 
tlioMt' H('vend hxaiitics difVer in liei;,dit. At least tlm'e jfeneral answers are 
pusisible. Thti umbanl^Mientji were built Ujaiu (lie laud by ineau» uf tlie 
water of the lake, thrown into motion by the wind, and their variationa in 
height may have resulted from variations of the wind or of the watw or of 
the land. It is eoneeivjihlc tli;it tlie hifrhe.st bars were produced by storms 
of exceptittnal force, and the lower li\ It >s v inlcnt storms. It is conceivable 
that the water of the lake rose and tell tnnii time to time, and that the bars 
niui'kud bUcccesivu Mtageti. It is couceivaide Utat tliu lund rose* and sank, so 
as to bring diffi»rBRt liorizMia successively witliiik veadi of tlie waves; and 
finally, it ia conceivable that two or more of ihmo causes conspired to pro- 
duce the phenomena. 

A movement of the land n>i}?ht lunc been ^■eneral, involving the entire 
basin, or there nit^dit have been diiVcn ntinl iii>)\ cini nts, (•li?ui<riitnr- the nla- 
tiv«! liei^lit at \arious point.s. In the hrst ca?se the lake would lie «arri«Ml 
up iuid down with iU busiu, and there would be uo cliange iu the relation 
of shore and water. The only land movement therefore which could pro- 
duce the phenomena, is one of a differentia] nature, and this would of neces- 
sity {rive ri.se to dissimilar rt >ul{> iit widely separated plaee.s. If the Sev- 
ern] bar series ari> liarmonidus in tlieir vertical rehitions, it 18 safe to say 
that they du not iudiciitti uticiUatious of laud. 
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A iiidvcmcnt lit' tin- >v;itfr surtarc Wduld evidciitiv pHxlucc ( lianfrfs^ '»f 
tliu sutim vertirnl aiiiuniit at cviTy point, «(> tluit tJie hypothesiH of hiko os- 
dllfttion would be negatived if the aev«»l sfeteana of differantiatiKl ban 
were found to lie inharmonious. 

Tlie rcmaitiiug hypotlu-sis (if unequal Ktorin force may take two fomn. 
In tlio fii>t place, it inlj^ht \h) iina^tieil that earli individual end)anknient «)f 
pxce]itifninl hcijrht wns the cjvntTire of a Kinp;le stnnn, or of a limited .series 
of Ktonns ; or, iu the second phice, it Ls conceivable tliat the guutiral char- 
acter «i^ti» weather underwent aeouhir variationa; ao iitat from century to 
century there were notable diangea in the maximuni force of atorm wiuda. 
Under the first view, we ahoald Anticipate that localities doroinated by 
winds from different diiectiona would not accord in the character of their 
bar Kvstems ; the n])|>roximatP coincidenci> of exrejitinnal stnnns from f»])|M»- 
«ite direction!*, beiiig^ only adventitious, rniild not l>e expected to recur willi 
itnifonaity. Under the second view, on the contrary, there would be uni- 
ibcmity o£ result, — a general change of climate affecting all localities alike. 
Hie eollan hypothesia would therefore be diquroved neither by tlie har- 
mony nor by the lack at hamiony of the ob(*ei-ved resulta. It admits, 
however, of an iinlcpciirlent test of crucial vnlvif. rircnt wrives are luiques- 
tionabh- nh}p to transfer coarser shore drift than small waves, sr» that wlipte 
tlie supply ot' debris is heterogeuwus, the character of tliat selectcil for the 
oonatmotion of embankmenta ia an index of tbe power of tbe wavea. If, 
therefore, in localitiea where. tlie aliore drift is derived from the nnsortod 
alluvium, it be found that the liigber bars continn coarser fragmenta tlian the 
lower, it is ))roper tt> infer that they owe their superior heijrht U> superiority 
of wave force; but if it l>e found that all tli« bars «(f a series are uniform in 
€ <in])osition, their inecpialities of si;u3 uuiuut be referred to variations of 
storm torce, eitlier local or general. 

A« ft matter of fact, there ia no correlation of coarse material with high 
bars. The Snake Valley aeriea was scmtiuiscd with ref<tfeuc« to this point 
and Ibund to be uniform in compontion. We may then cease to couwder 
tlio wind, at least so far as the more important variations are concerned, and 
limit atttiiition to the hypotlu scs of land niovemeTit and lakf> ntovctnont, 
The the<iry of land moveiu«ut would be sustained by a discorUanc<t among 
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the f<v3tomH of l)i»r». Tlie tluHtrv of lake movptiioiit vvnuld lie sustjiined by 
ail accorclaneo An in)|)erfet't accoi-danco might iudicate a combiuation of 
tlie laud aiid lake i-lianges. 

The £MtB aro MBOmbkd m PL Xly to wbk^ the iead«r h Agaiii refe^^ 
Each of the profiles repreMnta a section at right angtes to the system of 
bars it illustrates, and all nr«> drawn to the same scale, tlie vertiail dement 
heiii*:; exa^;f(Tat»'d tlirot'-fold. Tlu>y arf* jj;r<nHM'd on the JMige in mvh mun- 
ner that tht^ outer r iuhanknicnt^ of the several series appear at the right and 
fall in tlie Maine vertie^il i-ohinin. 

The first consideration aflectii^ the comparison is that each aeries pre- 
sumably represents the same period of time, so that, if a correlation is pos- 
sible, the emhankment drawn at the right in one series should correspond 
to that at the right hi the otlien«. Tliat at the extreme left in one sliould 
corre«|xmd to that at the extreme left in ttie other!*, stud the tiitermediatc 
|x>rtioiis t<hoidd be coiii|i;irable. The nn!\- cxct ptinn tn tliat rule in in the 
case of the Dove Crvek sc^ries, whieh, as ainnuly exjihiiued, may represent 
only tite later portion of the time consumed in the formation of the others. 

Restricting attention to the first five groups of bars, we note first that 
die right-hand member of caeh is hi^rtii r than any other. The second COD- 
spieuourt faet i.s that the memlHT seeond in size stands at the extreme left. 
To tliiH there is a sinfflc unimportant exeejitioii, whieh vanishes if we con- 
sider the tiu'ee barrt at the left of the upper pruUle to constitute a single 
member oompamble with the indrviduAl bars of the odier um&k It is by 
no means improbable that a more careful study of the Skull Valley locality 
would resolve the left-hand ntasmum into such a series as was found in 
Snake Valley. 

The most extejidwl series exliiliits a tliinl maximum, lower ihnu either 
of the otiiers, but interme<iiate ia jNtsition and .standing somewhat to the 
right of the middle of the profile. No other profile shows a Ihinl maximum, 
hot three of tliem exhibit ham of approximately the same liefght, whicli may 
he conceived to represent it, if tlio bars of the second minimtun are assumed 
to have been covered and concealed by the ^reat outer bar. It is easy to 
undci'stnnd that a condensejl or foreshortened .series would exhibit sujier- 
ficially ouly the maxima of a fully extended series. It tliercfore seems 
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projx^r to correlate the iutermediate maxirnuiii of the upper profile with the 
bar appearing at the mner Imfle of the outer nuudmiun m the eecsond, third, 
and fourth pn^s. Id the fifth profile, hare repreeenting the first and third 
wiMiin^ stand in juxtapomtion ; and it is necoseaiy to a8suiiu> that tlit> intcr- 
VNiing maxiinuni, an well as the two inuiiiiia, is row red and t-nnct-aled. 

It thus up|M'nrs tluU, hi their most f:'cti( riil A'atiiivs, the 'groups of bars 
are in aewi-diuict', with no greut«^r variation tliau might readily 1h> Ji.scril>ed 
to loc-4iI dis|)arity of condition. 

Tlie diflerence hetween die ahitade of t)ie outer liar and that of die 
intemiediatd maximum waa measured in four localities. In Snake Valley 
it La 10 fei't, in Skull ValU'v 12 feet, in St'vi«.r Lake Valley 15.3 feet, and 
at Gfon^rr 's Ranch l ' feet. The range of tlicsc rti<>nsnrpTn»'Hts is Atei-t, and 
thix must \k' rcfj^ardcd as a i< al discn'|wuu \ , tlinti;^lt not a great one. 

Tlie altitude of the outer bar above tlie inner niaxinuun was inea.siu*ed 
at five points and found to be A feet, 10 feet, 10 feet, 7 feet, x fft^t, — the 
eimmeration followhijr the order of the diagrams. Here agtdn the range 
is 5 feet 

If the inner bar be eoniiwired with the intennediate maximum imtteail 
of with llii^ (.liter bar, the differences are fouud tO be 5 ii, 2.7 fL, 5.3 ft., and 
8 ft, «la>wing again a range of .O tt»t^t 

Fuudly, the low bar» oliserved between the inner and intermediate 
maxima have approsimHtely the same relation in the three localitiea whe|« 
th^ were oheorved. Compnied with the intermediate maximum, their 
measured differences are 3..') ft., 2.3 ft. and 4.7 ft., the range being 2| ft. 

Tliese eoni|>arisiiiis exhiinst tlie dat.i, iuid tliev npiwnr to establish tlie 
systematic hnnnonv ol tlie phenonuniiu it is incrinrcis able that stii li ac- 
cord should be fortuitoiui. The most cuiupletu m'oni (that in which the 
bar eystew was ^yread out moat boadly, so as to resolve it most completely 
into its elements) exhibits three maxima with intermediate minima. Hie 
record second in extent shows the three maxima and one minimum,— the 
other minimum being overjdaced and coiH-ealed. Tlie Sevier Lake record 
shows the same ftuir elements, f>ut rnoin conijiactl}' arranged. At George's 
Raiu-h the tlmje maxima are so closely cmwded that both minima aro con- 
cealed At the head of Tooele Valley, the outer aud iuuer maxima are in 
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juxtapOHition ami all tlio itit<'nii<'<linto flt inonts of the sories an« buried 
The oitlinury Iwy bar, in which all Uiu eleiiu'iits are wtdtlctl Uigt-thcr and 
eovered by the last und Ughest d«posit, is logically tlte fiiwl term of the 
aeries of focts. 

Tlie hj*p<>Hi<'si ! afcr movement is therefore aiMtailied. 'I'he chanff- 
iiig i*elati«ini< i>f laiul aiul water (luriiij,' the fonuation of that compli x n c nnl 
towhii li we have a]i]ili( <l the title of the Bonneville sliore-line, were liroujjht 
ulNKit by the alteriuitc rising and fulling of the wutur HuHuct'. While the 
higher bdni were beinjj^ fonned, there wtm niOrD water in die biuin; while the 
lower, less. 

Having thus established the correlation of the series of profiles hj a 

ComjmriHon of the unmodified fact» of oh«or%'atinn, it u now prrijier to ailjuMt 
them to one another for the puiiww of asrertniititiir the menn (pmntitative 
value of changes of wat«'r h'vel. Applying the iuejlu»d ot least squares, we 
obtjuu for the most probable values of the water stages, referred to the low- 
est at the series as zero and arranged in the order of time:' 
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Adjtisted to the same zero, the observations at the several localities ex- 
hibit tlie following relations: 
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Tlie residual disci utiaiice, iis shown l)y tlio columns at th<' npht, is not 
largti, thougii it i.s soiuowhut greater than tlie nuigu uf variatiun tuuiiU in the 
long^tudiiwl profile of tlio crent of a single b«r. A part of it Ls probably dao 
to iiiacewad«8 of nraasurement; no infltmnMntB of preduion were employed, 
and the metboda at more than one locality wore improvued and cnido. There 
will be 110 unpropriety iti ntferring the remaiuiug part to exceptional stonna 

combined with Incal rdiirlitioim, 

iievcrtiiig now to the lht\e Creek series, whi< h tlie field observatitms 
gave reason to HU;s^)ect of iucoiiipletenew, we iiiid by iu^pectiou that its two 
leveb can readily be correlated witl) the «eeond and third maxima of the gen- 
ecaliied prolik. It is highly probaUe, therefore, that the eariier watw 
•tagOB, including the firat maximum and die first minimum, fidled to make 
an indejiendenf recoi^l at that pla<'e. 

To convert the data fn\]\ iiitu terms of lake !iistory it i» necessary to 
compare the epochs of fonnatioii of the several bani iu the matter of 
duration a« well a« in that of water Ktiige. The amount of ahore drift 
accumulated in the aeveral ban haa to be oonsidered, and likewiao the 
manner in whioh the varying water stage afiected the rate of accumulation. 
A determination of ali^olute duration is manifestly out of the question, 
and any estiniato of relative duration is largely a matter of individual judg^ 
ment. 

An attempt luis been made in Fig. C of PL XI to represent tlie oscilla- 
tions and their periods in a quantitative way, so far as tliey are dedacible 
from the plienoraomL If the facts peimitted us to dmw the full curve of 
oaeiUation yrith all itx details it would unquestionably be far less ^m]de. 

The nu?nber of niiniTna foncfuled by tlio bars <if t'\('!i the most extended 
series iiia\- l)e xcry jrrcut; and it is even jxissible tliat these l>ars do not rep- 
resent a continuous liistory. If, after tlio series had been j)artly fonned, the 
lake ahnuik to much amaller dimennona, retmning to the region cf the Bon- 
neville ahore only after a long interval, there seems no way to detenmne 
tins fac t l)y the phenomena of the shore. Probably the only conclusions 
deduciblo from the jirofiles are; first, that, when the lake basin was full, the 
position of the water level wan tnistable; and, second, that of a series of 
high-water stages, tlie latest was tlie liighest of all 
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Tt will |ifrlia]is omir ti> the reader tliat the enunipration nn<1 (lisnissirm 
of tlie>it- tiu t> h-.w i- in't u tundlessly prolix; auul tliis 1 am not prt-jian-d to 
deny, liut it may be tuiid in extcnuatiou that the phcnoinonu belong to a 
novel tyiK>, and tiwt the method of investigation wa» so far new that the 
simple conela8ion« finally readied reqaired for their efltablishment a full 
|iresenlati<m of the alternative In-potht ^t s eliminated by the investiffatioii. 
In the secjnel it will appear that even thew simple «-onelu.sion.s afford a key 
to the nn(lerstandin<r of -^cnic of the most important elenieiit?s in the history 
of the likko, juid throU{fh tliat liistory are brought into i-ehititm to the j)rob- 
lem of the physical condition of the earth's interior. 

One resalt of the discovery and interpretation of the groupa of bay 
bar* of the Bonneville shoiv-line was the explanation of certain featnres of 
the V-<*mbanknjentH which had pixiviously been problematic. V-embank- 
meiit- 1ki\ !■ aircadv Ix-en described an trian<riil!ir terraces built against fn<nnit- 
ain ^lujRs at ilie sliore level, rtn<l mairgine<i towai-d the lake by even-topped 
prapets. In the light of tiie cuucliuiotw tliUH detailed it becomes evident 
that this confonnation waa oecaaioned by oscillationa of the lake dunng the 
period of tlie formation of tlie terrace. Tlie space vitiun the parapet is 
usually occn]>ie<l by a playa, tlie ftttHaoo of which is fttwn live to eight feet 
liclnw till' enclosing n'm. Tliis repn'xents n certain amount of silting- nji of 
the basin, if tin-re were no fillin;,'-, it cannot be doulttcd that the interior 
of eadi em losure would exhibit a ^4eriert of bai-s parallel to <uie (»r both amis 
of the parapet^ and cone^onding in heiglit and axrang^etit to the bay bars. 
In fact, this very phenomenon was finally observed' at several localities. 
Hie most interesting are in Preuss \':Uley along die western base of the 
Frisco Mountains. In that valley the shore features of matiN' diffei*ent hor- 
izons aftbi-ded an in'-itruclive stiidv, and were caivfully mapiH-d I'l. VIII 
give* u general view of tiie phenomena on the east aide of tlie valley, and 
it will be noted tliat the Bonneville shore-'line includes three of tliese tri- 
angular terraees. Hie same appear on a somewhat larger scale in Ph. 
XVI, XVII, and XVII I. Tho parapet associated with the middle group of 
emlmnkments* (I'l. XVII) <iffer« an oxcejjtion to the genend rule, in that it 
is lirokefi throu<rh by the drninafre, so that the intonor contains no ]ilava. 
It coutaiiis iu»tead tho eroded reinuautn of a system of bars parallel to the 
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Bouthom parapet lu this Hystem it U ea.sy to recogniae the equivak-nts of 
fint and MGond nuxiiiift of tlie Snake Vifley baia^ holding their proper n- 
latioa to the parapet, which corresponda to the third or enter maxironm. 
The V-embonkment of tlie soutli group, PL XVIII, it undnUned, but its 
filling has^ not progressed ho far to ohlitomte the inner roaximam. Two 
elemfnts of tlio lui v-1>ar s^'rit's tm^ tUpn'f<irG reprewitBd; and the Bame wero 
found in tho north group ot i-n)))ankin(Mit.s. 

In the coHf of tlie tiiiddle and southern of tlieae Preuu Valley embank- 
ments, and in two or three othw inatonoe^ the interior embanknwit* are 
parallel to one parapet only, so aa to constitnte with that a aeries of paiallel 
ridgeH connecting the r^ntalning parapet ^v!th the ahoie. Itseenu evident 
that in tlicne fiuses the growth of the trinnirnhir terrace was rhief)\' or eii- 
tiroly l)y "dditions to a single fare; nrn] it may not be impro|)er to <l( iiiie 
the aggregate Hti'ucture an a Hpit gradually projected into the lake by recur- 
rent atoms from a certain direetton and butbvaBed by succeasively formed 
bay bare connecting its extremity at various stages with other points of the 
shore,- the hay bars being the woik of a series of stornu from a differenr 
direction. 

Tlie variety of contour assumed by the |>arapets of the V-embank- 
ments, and by the crests of llie hooks and loops with which they are more 
or lewj affiliated, is illustrated by PI. VII. 

PBTERMINATION OF STILL WATER LSVEL. 

One of the collateral results of the composite nature of tlie Bonne- 
\nlle shore-line is a discrepanoj' in the evidence affonhMl by difTciTtif jiarts 
of the slioro phenomena as to the altitude of the ancient water level. Those 
parts ol the coast which were given their character by excavation indicate 
the water level by a line fonning the angle between a cliff above and a ter* 
race below, and this line oAen represents the lowest of the series of water 
levels rerordeil by the luiy bars. Tlic impression made by the waves at tho 
last and highest level is nsnallv. tlion<^li not aln jn-s, so fnint that it has bct-u 
obliterated bv the falling down of llie cliti". On flu' oilii i liand, tliosc parts 
of the shore formed by the accumulation of detritus appear as a rule at th© 
highest water stsge only. The localities in which embankments represent 
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inu ])rnrrrossivf> actTon aro (1ifffr(^ntjat«i<l, aroi «>x<>oj)tioiial ; anil in nrdinarv 
caws fill' lat«-st additional uian'rial rovi'ra nil tlio prweiling, F»»r an iiceu- 
late detenninatioii of the height ef the maximum water level, it i* therefore 
ue«eR»ary to coneiider tlie cluuacter of the riMMtnl to nrhicJi iuca«uremetit is 
Afiiiliod. Tlie base of a ft(va-«liif i» apt to give too low an itidieatioo, while 
the crest line of an emhaiiknient in imf 

If this element were tlie only one to ho taken mtn acmitnt. it « mild l>e 
a simple matter to ascr-rtain in ev«'ry re^jion, by u.siii<r euiluiukmentw onlv, 
the precise height of tlie oM water level; but tJiere i« luifuiiuuutely a com- 
plication. The erest of a completed embankment always stands Mnnewhat 
higher tlian the still water level of the lake to which it pertains ; and the 
amount of iIk diflVrence depends on conditions which are not entirely .sim- 
ple. They iiu lii(l<- sumc t Icnictit^ of the cnnfijruratiem of the bottom, and 
especially the n\iiu^i>iluili' of tlie Inr^'st incicierit wnves, The siuiie elementd 
of confijjuratiuu allecl also the record enibodieil in flu; htm) line <»f a cHB", 
but the magnitude of the waves does not On a coast facing deep water 
the base of the sea-diifs coincides very elosely witli the still water levd. 
If, therofose, the SoHaco of l..ake Honneville had not fluctuated while near 
its lilgliest stage, the sea-clitfs would afford a more intelligible record of its 
preci.^i horizon than the embankmentH, 

As the C4UMJ »tiuid.s, the lx;st indications are somt'timea atforde<i by one 
class of facts and soiuetimos by tlie other. Wherever it in evident that the 
sea-oliffii assodated with the maximum water stage survive, their base is 
assumed to give tiie most authentic record. Where these cannot be dis- 
criminated, embankments have lu'cn enntloyed, an allowance beiuff made 
fr>r thr ir hriirht nbnve tin w :iter line. This allowance is a matter of judg^ 
meni in i';u-h iiiili\idual case. 

it will be instructive to illustrate tlie difficulties of the subject by a few 
examples. 

If the reader will reffn* to the gmeral map of the lake, he will see that 
die Jordan valley was (ir( upied by a large bay receivinfj waves from the 
ojH'ii lake, while the Utah I..ake valley was occnj)ied bv a land-locked Imy 
affected by no waves but those p^nerated within it-^ own hnnh rs. These 
two bays were joined by a narrow strait at the locality now kuuwu as the 
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Point of tlu! Mountain, and from tlio roast cast of this stniit tlicn' was ron- 
8triicte«l an itunicnst^ trianj^ular tcrrarc, rt'ceiviiifi; iqion one 8i«ie the clefritUK 
ruIUtd by tlio ^rvixt waves of tlic Joi-dau Bay, and ou the otlier tlie shore drift 
movdcl by the smallor wavoa of the inner bay. 

The parapets on the two margins of the VHdiaped embankment give 
clear expreesion to this dis|)arity of conditionH. That facing Jordan Bay w 
the more massivf^ ntnl flu- Imi^-'cr, and the otlicr Is !)uilt against it ns a sort 
ot" ;i|)|>cndage. '1 lie ;,'«'1iitii1 ultitiidc of the latgrr liar is six feet irreater tlian 
tliat of tlie iesjj; and sin»-e tlu; hitt(!r has all the features of a completed emhiink- 
luent rifling aboye the water level, it follows that the northern or higher en> 
bankment was buiH more tlian six feet above the still water levd of the lake. 

KeltoQ Butte (Fig. 22) projected its apex as a small island above tlie 
water level and was sarroundcd by deep water. From ono dii-oction it re- 
ceivtHl waves propajfjiled throujfh a distance of tliirlv utiles, niul hy tliese a 
cliff and temicc wei"e carved out and an enibiinkiiu nt was < oiistni< tt;d. Tlie 
terrace is itwjli" tcmiccd in such way as to cncouiuge the belief tliat the base 
of the cliff corresponds with the highest water stage; but this base is 71 feet 
lower than the contiguous embankment 

At a locality in Preuss Valley, where the conditions did not admit of 
the generation of waves <if pn^at si^e. no enibankn)eiit lias Ix cii rnnTtected 
by levelin<r with a sea-clitV and t( n are, and found To lie f) feet higher than 
tlie terrace. In tltiti ca^e part ol the diiserepancy is doubtloiiii referable to 
the failure of lh« waves at tlio highest stage to score a duraUe record on 
tlie fece of the soa-clifT carved at a lower lovd. 

A similar .measurement was made at Wellsville in Cache Valley, where 
also the waves were nt»t of tlie greattwt magnitude, and gave a difference of 
19 feet. At tlie oppoKite end of f'-K lie Vfilli v, near the town of Franklin, 
there is a hinall indentation in the siiore in which an isolated embankiuent 
han been preserved with a cit'st 12 feet above the bjiise of the adjacent sea- 
diff; and in a sheltered spot north of die town of Teooma, in the northweiit- 
em portion of tlie basin, the measurement of similar details showed a difler^ 
enceof20feet 

Tlie state of pre=!rrvatii>n of the embankments is all that ( <nilil be de- 
sired for purposes uf meiUiuremenL The nuijority of them are compti«ed of 
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gravel, and are exempt eil hy their ridge-like tonii from the deatructivo action 
of crofl»>flowiiig dminage. A few incliea at most would exprem the loM their 
create have enetained from the wadi of the rain. With the seaFclifTs and 
wave^Ut tenucee it U different. The de<-ay (»f a vViff tlirows down a oon- 
stpntly increasing amount of debris, whicli fiillK to tin Im.se and forms a 
talus; and every httle (h-ainajje channel hy which a dill is divi(h'(l sjtreads a 
heap of alhiviuni ujkmi the terrace beh>\v. 'Vlw base of the cUrt', th«refort>— 
the element of the pruHle which for purpueos of nieii8un<ment it is moet 
deitirable to recognize— has been ahnost universally covered by the rising 
allttvium, so that iU precise pontion i« a matter of estimation or tndireet 
dbwrvation. 

TIm' (lixcoverv that th*' old ^'atcr line is no h»njr<'r of uniform hfijrht, 
ainl till' tact that its variations ni altitude atVord n incuus of rnea.su riiij,'^ the 
recent difforeutiul movements of the eai-th's crust witiiin the ba^sin, give occa- 
■ion for great regret tliKt tlie exact idontiiication of the highest water stage 
is so difficult a matter. In a majority of instances the range of uuoertaiuty, 
after all allowanoes have heen made, amounts to five or six feet 

DEPTH. 

The grctitetit depth of the lake was aimnt 1,050 feet; and this depth 
obtained over all tlie weatem part of tJie prevent tnte of Great Salt Lake. 
Tlie i»int west of Antelope Island, where the dee{>eiit water in Great Salt 
Lake is now found, did not sostatn the same relaii«»n to Lake Bonneville^ 

but wjis rivale<l ami jR>rliap» Kui"i)a.ssed by points between Pronumtory 
and the TeiTiuc tnonntains The f?n,'at Salt I>ake l)e.s4'rt ha.s now a re- 
markably flat tloor, aiui tJui ancient de|»th of water above it did not vary 
greatly in different parts. Thv mean tieptli of the main Imly of Luke IJon' 
neville was in tlie neighboiliood of 800 foot. Tlio Sevier body had a max- 
imum depdi of 050 feet, and Eseahuite bay of about 90 feet. 

THE MAP. 

The majjjjing' of tlie lionneviiie shore received careful attcTitiou; and it 
is probable that the extent and form of no modem lake in an tni.'<ettled 
ooontry is more accurately known. The determinalaon of certaui queetiona 
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with reference to overflow uecesisitatcd tlie iu.spe('tion oi a largt^ part ot the 
periphny; aiid tJie knowledge tints obtained of tfie poeitioii of the coast wm 
•fterwanis-Bysteiiuiticfdly snpplemeiited nntil a oomjilete map became ikmhi- 

lili'. T\ie in:ju1ar moimtaiuH standing on Great Salt Lalce Devert were not 
vi.sitt'fl, and tlit; coast Vnwn about tla'ir mien were for the most part d».'<liiced 
from the contours of the pii!)lishc'd in!i]>H of the Siirvf v of the Fortii'th 
I'arailel; but with this exception all of tiie c(»ast wai* seen l)y st»iue lueiuber 
' of the coqiM hikI sketched from actual obflervation. A htrge |>art <^ it waa 
examined by more than one individual. The map is indebted to Mr. Gil- 
bert Tlionipeou for tlie detaila of tlie west eoa.-<t between Deo]) Creek and 
BfouC&no, and for th<« bays at the north ends of Poaitello and Mahide \'al- 
h»ys. He dt'liiH-ated also the details \v< st of Sevier Lnke and in tlic smithem 
extensii>n of White Valley. The map is indeided to Mr. Tlioinpsou and Mr. 
Albert L. Webster for the outliueu of the Es<-alante Bay. Mr. Willaitl U. 
JolinacHi delineated tlie dioroB of the White Vnlley Bay and tlie coasts on 
the Dugway, MacDowell, and Simpson Mountains. The outline in Tintie 
Valley was furnished by Mr. H. A. Wheeler. Mr. Israel 0. Russell mapped 
the bav cast nf tlic ("nnyon Riuij^e, and is resjjonsjlilc fur indst df the coa.st 
between I'illiiKu c ami Ocor^'V Banoh. lie contributcil also numerous de- 
tails in all parts oi' the )>asiu. The reinaiaiug portions of tlie »hore were 
mapiH^l by me. Some idea of the distribution of responsibili^ for the tnaj), 
as well as of tlie tliomuglmefls of the exploration, may he derived from an 
examination of PI. Ill, where the routes of travd are exlubited. 

TlIK PI{<>V<I NIIOKE-LINK. 

B('!<iw the Bonneville shore-linf aic numerous otlier shore-lines, amon^j 
wiiicli one is conspicuouii. The name Provo was given to it on account of 
a great delta, which is at once a notable feature of the shore'linc and » prom- 
inent element of the totxigraphy of Utah Valley in tlie vicinity of the town 

of iVovo. The shore mark w» far sur]»ass<,'s in stn-nj^tli all otlicn* of the 
series that this chanicter senes for its identification; ami it lia> lu i ii n'citfj- 
nized in all jmrts of tb<( b.'isin without the necessity cltln r dt ti u in;: it-* 
meander or of measuring its altitude. It has indeed been rec<ignized with 
confidence despite conflicting determinations of altitude, for it is neither 
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unifonn in height nor unifonn in its vcrtiral rchiti in t<. thr Uonnevilh* shore- 
Hue. In a general way it in 375 feet luwer than the Buimeville shore aud 
625 feet higher tlian the water of Qreat Snlt Lake. 

The Ph>vo record is more recent titan the Bonneville. Tliia appears, 
first, from its state of pre n e r vation} the Fkovo diffs are the steeper and 
ihaiper and the snniHer taUis lies at their lia.se. It ap{)ean), second, from 
th«^ ahsenee of lukc s4-dinientj< on tlic nuriaee-s of the Pmvo ti'rnK-ex. Dur- 
inir the ti uniatii m of the BonneviHe shoiv, the liorizou tit' rlic I'lovo WiW 
sutHeit-ntiy subniei-ged to reeeive a layer of line Kedinieut; aud a lake de- 
posit commensurate m amount with the sliore drift accumufaited in tlie Bon- 
nenlie embankments would not escape detection if it hud rested on the 
terraces of the I'n)\ <i sin. re. Tlie relative age is shown also by the i-elaliou 
of till shores to the outlet of the lake, aa wiU be explained in another 
chapter. 

i lie iluratiou of tiie water Mtuge recoitled hy tlie l*rovu »huru was 
greater tlian that of tlie Bfmnevillo water stage. Although the Bonneville 
is the most conspicuous of all the shore-lines, it does not exliibit the greatest 
monimients of wave work, but owes its prominence largely to its position 

at till' top of the series, where it is eontnisted with tojM>graj)hie features of 
another ty]K'. Tliere aixf several other shoiv-lines wiiich rival if, aiul. al- 
though it jmtbal)ly outmnks in magnitude all except the Pruvo, tt!;. (liserim- 
ination would be a diffieult matter wei-e it an iutermediato member of the 
series. The Ftovo, on tlie contrary, is rendered coti»picuoU8 cliioHy by the 
magnitude of its phenomena. Its embankments are the most masaive, and 
itH*wave-cut terraces are the broadest Moreover, die Fro\-o Lake was in 
every way inferinr to tho Bnnucville ns n fi<*l<l for the geuerufi'Hi of powerful 
waves. It was narrower and .siiallower an<i td i>tru<'te<l larLrer iclaii<ls. 
To have constructeti slion^s etpuil to thi»se of the Jl^tunevillc, it must nee<ls 
liave existed a longer time; and still longer to liave built its greater struct- 
urufl. 

OUTLINB AND BXTEMT. 

The outline of the lower shore wa« tho le«« tortuous. Tlie sinuosity of 
the Bonneville shore is due to the fa<-t that the water flooded a large num- 
ber of (he natrow troughs of the Great Basin and was partially divided by 
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flie mountain ridgoa. , When tLe water retreated to the Provo lei.'el, it sibwn- 
doned a oontiidorable number of the valleyti and retired on many parts of 

the coast frotii the uneven mountain faces to the smooth eontoui-^ of tin- 
alhivial (ih>jies. Two nf tlie hirjfuKt bays, the Ksi iilantf anr! tlir Sii.ik<- Val- 
ley, \vei"e completely desiccated, and so was a thinl \y<\rt lA' flu Sevier Ih-s- 
crt. The water wjw withdrawn from Thouaniul .Spring aiul Huell N'alleys, 
from Grouse Volley and Park Valley, from ( ><rden \'alh'y and Morgan 
Valley, from Cedar Valley, Rush Valley, and Tinttc VaU«y, and from botli 
ends of Jual) Valley. Of the three straits joining the Sevier l)ody with the 
main body of the lake, oidy the easteni remained. The closing of the cen- 
tral an<l western straits joine<l to the western peniiisnlu the islands which had 
bei'U coustitiite*l by the MiicDowell and hufpvay Mountains, 'l iie islands 
formed by tJie Promontory, the Cedar, and the Beaver Crook Uanges, w ere 
converted into peninsulas, and so was Pilot Peak. The group of iidanda 
south of Park Valley and the group south of Guriew were joined to tlio main- 
land; and it h possil)le that the islands constituti >] by the I^akotndo Mountains 
wen' united to the T'ednr Mountain i>eniiii<ula Doubtless many other hills 
that had previoush In i ii submerfre^l now a]i|K ared as i.slands ; but none of 
these were of great e.xt<nit, and tiie tot;il nundier of ii^lands nmst have been 
groatly diminished. Among the emergent islands were some of the volcanic 
buttes weat of die town of Elmore and a basaltic mesa soutliweMt of 
tike town of DeflCret Tlie IWssa-jfi! fn>iii Cai lu' Valh'y to the main biMly 
was rnhiced to a narrow strait only a few hundred feet in width, and the 
entrances to the Utah Lake bay and the White Valley bay were greatly 
restiicted. « 

8HORB CHARACTBR8. 

In sevml n'S]>ects the noyer shore-line has a ilifferent facies fi-om the 
older. It has already Ik en renmrkefl that it is more fivshly cut It is cluir- 
acteri7.e<l al-^n by its bi. laili i tcrnicejj, by it» ilelta«, by itu tufu^i, uud by a 
peculiar duplication in its jirotile. 

WUk die Provo cut-terraoes are far broader dum the Bonneville', the 
assodated sea-dills are not so high, the diflierenoe being occasioned, in part 
at least, by the relations of die two water sur&oes to the general dope. If a 
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profile Ih* (Iniwii across iiiiy of tlu* valK^ys occupit'il l»y the lake, it will be 
found to Ih» hriMully U-slia|HMl. 'I'lm flmtr of each valley is nearly flat; and 
the alluvial »loi>e!< at the sides, rising very {reiitly at first, frnulually in- 
civaise their ineliiiatioii until they join the aeclivities «if the niountains. The 
Iionne\nlle and I'rovo shores ain so i-elated to the valleys tliat their difit'r- 
ence of a few hundred feet of altitude corresponds to a general and notable 
difi"erenco in the slop<!S of the land at their margins. The I'rovo waves, 
nttaeking eonij)aratively gentle sIojk's, produced teiTsioes of great width, 
ns the (UHupanions of eliffs with but moderate height. Floors 200 to 400 
fet^t broad are of frequent oecurrenee ; and in one place a clifl' 75 feet Iiigh 
overlooks a terrace IHO feet wide. 




no. M.— LlmiatKiHi baits aw RcddiBii Sttnns, Gnat Salt Lak« Deaart : «a UUoil at tha Prma tUgm. 



D«iu».-The abundance of deltas on the Provo coast requires for its ex- 
planation a considerable chapter of the history of the lake. It has already 
been remarked that the principal streams tributary to the basin rise at 
the ea.st. In flowing westward each of them encounters one or more 
mountain ranges, across which it passes in a deep and narrow defile or can- 
yon. Tlie drainage svstem is older than the hike; and this series of canvons 
was couqdeted by the sti'eam.'^ befoixi the lionneville epoch, so as Ut fi»rm 
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put of die syBtwn of valleys flooded by iSnd lake. When ^ water fint 
rose to the Bonneville level, it Bet back a number of miles into each of the 

canyons; suid in some hustances extended beyond flic first mountain Tange, 
fonning small })iiy« on the eiistern sido. I)urin<^ the period n^presented by 
tlie lloniif'villc shnn'-line, tlie detritus brou'fht )}v the rivers was tlirowu into 
tketie bays and iulcts and gradually minced their diniensioiuj. A few of 
the amaller inkta were eompleloly filled; and in three or fbnr inatanoM 
small deltas were projected into the lake; but the remainder of the canyona 
retained the character of inlets until the water fell At tlie b^pnnlng of the 
Provo eiM>c1i it is prolmble that nearly nil of the larp>r canyons admitted 
sliort est uaries, Imt of this theixi is no di finite reconl. If such existed, they 
were quickly filled byalluviutn, — the pieexi-siingarcuinnlationH at the heads 
of the cauyous afi'urdiug an abuuduut supply roady at iiund. The forma- 
tion of a delta In the open lake must have began at the moutli of each can- 
yon floon after the eBtabtiehmMit of ihe water stage; and it waa condnned 
until the close of the Provo epoch. The water sniface then fell once more, 
and the lowerin<r of the mouths of the streams caused them to bepin the 
emaion of the deltas; but the brnml teiT ircs built on the open plain were 
not 8o easily effa<-etl iis the a11u\ iiil deposits within the narrow canyons, and 
the destructive activity of the streams has acoomplidied only the opening 
of terraced channeb through them. 

llie channding of die deltas was accompanied by the constnicdon of 
otlier deltju* at lower levels, so that each river course i« margined l>y a series 
of deltas endH)dvin}; a portion of flic htstrirv of tlio proiijivHsive clian<jfes of 
th(^ lake. In the discussion ot these series in a later section, tlie several 
deltu8 of tlie I'rovo shore will receive separate metitiou aud descriptiou. 

Calcareous tufti has been found in association witii many of die shofe> 
Imes and waa probably deposited in some amount at all stages of the lake. 
It is exoei)tionalh- abundant at die PJfovo level, but it will be in(»re con- 
venient to describe its oocnrreuce in a special sectiou devoted to the subject 
of tufa. 

The uniier.coi».- Where the Provo water mark it» a work of excavation, ita 
cliaracteristic profile lududes two sea-clifiii and two temoea. Tfie upper 
cliff Is the greater of the two, and the terrace at its foot is the broader ter- 
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race. The lower tcrmcc is rarely inure tlmii a twentieth part iw great aa 
the tipper, mul in many Jihiet-s it eouhl not he deteete«l. Tlie vertical spat* 
bctwet-n tiiu two slielveii is ustuiiuted to rau<re from five to twuuty tmst; at 
tlib sole point of meaaaromeDt it is nx feet The main tectaco is cotispico- 
oufllj distinguiiihed by its flatnoBSw At no otbor 8tag<o of the lake liave the 
waves can ed out so level a platform. In its broader examples the lake- 
ward sl«)pe is baix'ly perceptible to the eye; and at no |M>int d«)e« the total 
descent from the f(»ot of the upp4'r clifFto the crest of t!ie h>wer ('xceed five 
feet. The lower ternice has no i<lio.syncrasies aside frotii its association with 
the upper, but that peculiarity hu« caused it to be styled iu the tield note- 
books "the nnderacora,** and it will be convenient to retain the de^iguation. 
Thoagl) not univenally discernible, yet it is so pernsteut a feature as to be 
found serviceable in tlie identilication of the Frovo shore at doubtful points. 

BMBAMKMBNT 8BRIB8. 

Where the water mark consists of worloi of coui^tructiou itii cluiractcrs 
are less constant As a rule, the bays of the Provo coast are spanned by 
single hars; and its spits, tike those of the Bomieville shore, are apparently 
simple hi structure; but in a few instan<-es tlie accomulationK in buys ate 
observed to connisf of two Itai-s witli the outer lower tl);tii -the inner. The 
ditferi'iicc ot li(;i;^!if \v;is iicvei- sultjccted to ineasiin'iiu'ut; hut was e.^^tiniiited 
to bo about tifteon feet. At Dove Ureek (see I'i. XXII) the shore exhibits 
two wave-built terraces, of which the outer sjid later fonned is 14 ieel h>wer 
than the inner. 

On Terrace Mountain, afew miles south of Ombe Stotion, the Provo em- 
bankments in ;i small bay are separatwl after the manner of the Honneville 
emlmnkniciits in Snake Valley, and include six distinct h.tr>5 with a faint 
suggcstiou of foiu- othere. A profile of the^ is given in Fig. 3 ol 1*1. X IV. 
Fig. 1 of the same plate ezhibita the cut terrace with the underscore; V\g. 2, 
the double bay bar. 

Iu Toode Valley the Provo presents die most rematlEaUe ezpamnon 
of a riiore record that has anywhere been preserved. I Uu-in<; that epoch tlie 
valley contained an o)>eii Iviv receiviuff xtonii waves finin tlic l)roa(lest ])or- 
tiou of the lako. The pnnci])id exciivutiuu was ti'oui tliu alluvial slopes of 
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th<' wf»Kteni )jn-se of the Oquirrli inoimtahis, Hiui tlic iiiatcria! was swept 
soulliward to the sliallow head of the bay, vvlieie it was built into a mnm of 
bars atretchinif from shore to shore with sweeping curves. In Ais ames 65 
mdividual hat* have be«i eounted and thdr aggregate width is more dian « 
mile. Tlieir order of j>o»ition is neccswrtrily the order of their formation; 
and their profile (I'l. XIV, F'ig. 4) exhibits in consecutive order the local 
variations of the rehition of water to land durin;,' the Provo ejxx'h. 

The double terraces, the double bay bars, the bar series of Terrace 
HoumtaSn, and the har seriea of Tooele Valley^ constitute fhe whole of our 
information with regard to the oscillations of the lake during die Ptovo epoch; 
and aU t^hti to ooirelato them and deduce a connateut histcny has fiiHed. 
In the discussion of the Bonneville profiles, it wm found tliat the more 
('xf*'ii']<'(l series was rt^presented in the less extended oidy by its highest 
iiiciiilx-rs, the nilninia of tlie proliles disap|R^arin}j as they were condensed, 
if the Muuu relation subsists between tlie I'rovo profiles, then each member 
of the Terrace Hoantain seriea should be found to correispund to some max* 
imum of die Tooele Yalley aeries. The comparison is necessarily h«gun by 
equating the highest niemlii r of one locality witli the highest member of the 
other: — that is, saviii;^^ fliat tlic Tcrrarc Mfntntatti r and rf are equivalent 
to the Tooele ^'alll v ( ' ami 1 ), Then « and h of tlic l\'rrace profile should l>e 
represented by maxima to the left of C in tlie Toixde profile; but the only 
maximum of this hind is at A, and is too low by nearly 30 feet The ter> 
race from E to F may he compared without great inctnigruity with the bar 
<; but the maximum ai H is 20 feet too high to be represented by tibe bar 
/ Similar difficulties prevent the correlation of the Terrace profile with the 
tlotible bar, Fig. 2 ; Init tliev do not arise when thf latter is compared witli 
the Pooele profile I'liti higher bar i>i' the pair may fairly be taken as the 
equivaleut of tlie Tooele group from A to F, and the lower bar may represent 
the embankments from G to I. 

The wave-cut terrace and underscore 1) have no sympathy with 
any bar groap except the isimple i>air. It is probable that the greater and 
higher bar K \vm in whole or ])art the contemporary of tlie terrace M i and 
it is possiMf that the niinor bar Ij was tho r( intompoi-arv of the underscore. 

Though tlie wave-cut terraces and the Tooele ^' alley bar series aever- 
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tJly accord witli the double bars, they do not haimanize wilih each oflier. 
Upon tlit^ assiiiii]itiini tli;it <'ii< li it'cnnls tin* osoillatiouH of tlie water-Hiirfaoe, 
the deduced histories arc dirti reiit T ho exceptional flatness and extmmo 
breadth of the upj^er terrace seem to show that the waves were for a long 
time at a unifoim horizon, or else that the latest work of excavation waa at 
BO low ft level diat ell teiraoea of anterior production were midereut and 
obliterated ; the underscore appears to represent a brief Hn^eriiig after IJm 
main ten-ace had been &ially dried. TIu^ T'ooelo VaUey profile, on the 
other hand, indicaten a {fradiial rise of 10 tVct tVoin tlio base of the bar A to 
the upjKir terruco li, toUuwed, firat, by a tolerably uniform high stage BF, 
aud, second, by a stage GI ten or fifteen feet lower. 1£ the breadth of the 
ban be taken as a time wale, the Ugher stage bad twioe 1i» duration of die 
lower, but ooeupied somewhat leas tune dian die gradual rise preoedmg it 
If the production of an individual bar bo taken as the unit for time-SCftlei 
the hi^lipf 8taf»'f' had two and oiu'-lialf times tliu ilunitioii of tlie snrcwdinnr 
low stage and tiiree tiiiu s the (hinuion oi the antecedent rise. It", ut»w, we 
correlate tlio central group vi' Totwlo bars witli tlie main wave-cut terrace, 
and oorrelate the outer group of ban widi the undeiBooie^ we find two diffi- 
tsultiea. la the fint place, the underscore repreaoits but a small fractioiL of 
the i)eriod of wave action under cotLsideration, while die outer series of 
Tooele bars, upon amy plausible b>uiis of estimate, represents a relatively hirge 
fractioiL In the second place, the propi( -^slve rise implied by the Tooclo 
profile liaa no expre8.sion in the wave-cut terraces, where its effect would be 
to impair the defiuition of the outer edge of the maiu terrace aud contrar- 
vaua its characteristic flatness. There i^peare then no way in which to 
reoondle die various anslyde uanlfestadons of die Phivo shore on die hy- 
podieris diat die recorded oscillations are purely those of tho water surface 
Tlie presumption is therefore in fnvor of the alternative li^ potliesis that 
there were differential inovemenLs tit" tlic cartli's rnist witliiii tlie dur- 
ing tills epocL Uufortuuately, the tiatii are too meager lor the discussion 
<tf dlia hypothesia. 
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TKB MAP. 

During the pirotecution of tho field work, no attempt waA made to ob- 
tain tli«' <latii Ti«-cfss;n y, fiir nui])ping the Provo slutrc-linc; Imf tlio note- 
books rniitaiii s<i tii.iiiy incidentnl refemices to it« position tliat it has been 
found possible to construct a map not grossly emineous. I'lie reader is 
warti^ dMt Hm Otttliiie dslineiled in Fl XIII is approxiniAte only. A 
similnr qnalificalion appllM to «BtimateB of area. The water aniftce at tbe 
Pirovo stage h/ul an approximate extent of 13,000 square miteflt 11,500 be* 
loogiiig to the main body and 1,500 to the Sevier body. 

TBM STAKSBUltY ABOBS-ZJing. 

From the Provo water Ime to the margm 'of Qreat Salt Lake, tlie de- 
Ment is more than 600 feet From the same Sne to the BonnevOle ahont 

the ascent is less than 400 f<?et In the upper space all tfie conspicuoua 
lacustrine fcatnn's siro referable to slioro n( tii<ii, 1)ttt tltore fire sTtfirinlinate 
evidences of hi'dinit iuatinn. In fh(< lower space lake 8e<iiraeiits prcdoniinate, 
giving their peculiar smoothness to the surface, aud the shore tracings are 
rdativdy unimportant. Upon any profile • considwable nwiber of shores 
can be recognised below the Provo; and it w probable that a S3rste«n of 
levelings would enable these to be correlated in a consistent system. This 
has not beoii dono, aud only a single one h;i8 been widely rorof^mlzed. Tliat 
one h distiiijruislicd merely by tho greater mafri'i^'ide <tf its cliffs and em- 
baukiueiit^, but is not sufficiently accented to be evorj'where identified. It 
■ is called the Stansbury shore-line. Its strongest delineation is upon S tans- 
bury Island, where owing to local conditions it rivals- the Phivo shore in 
definition and surpasses the Bonneville. In abundanoe of tufiMeons deposit 
it probably ranks next to the Ph>vo. 

Its hi iirlit \vn«( mofistirod at two point.s only. On tho west sidp of flip 
Ti'mu'c l\aii;;o it lie.s .'SID tret Im'Iow tlie IVovo sliorc; ami at the n<irth fnd 
of the Aqui Houge 316 feet. At the latter locjiHty it was found to be 330 feet 
above the level of Great Salt Lake. It is thus seen to divide about equally 
the intenfMce betwen die Prove shore and tlie shore of Great Salt Laka 

At the time of its formation the maximum depth of the lake was only 
alMttt half as great as at the Pmvo date; aud tlie water surface was eoRO* 
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•poD^ngly diminUhed. T^e eoostraelive wftTet were therefore less power- 
ful and the time necessary for the performance of iin equal work was longer. 
There is pnnfl evidence, lunvever, tliat tlie |>prio<l of time n^jtri'seiitcd !»vthis 
shore is .s!inrt*ir than that represented hy tin- Provo. The body vi' vviiter 
coverLig die Sevier Desert during the i'rovo epoch was smaller tliau tiie 
body occupying the Great Salt Lake Desert at the Staasbary epoch ; and 
yet tbe ahore phenomena by which it is oudmed are upon a far larger ioale 
than any ezhil^ted by the Stausbury. 

Tlie water was at this time withdrawn from the Sevier Desert, but cov- 
ered the mn'm ]v>rtioii of the Great Salt L;ike Desert It wjushed the foot 
of the Wiwatcli and extemlcil w ithin d few Tiiiles of the western line of the 
fionueville shore, but was oxcUid( il fn>iii most of the Ixiys at the north and 
south. Its total area waa in the neighborhood of 7,000 squate nules. 

THB niTBRmDIATig fiHOBB-UinES. 

In eveiy locality where li>» Bonneville and Provo shores are maiked 
by comriderafale aocumolations of shore drift, the whole of the inteimediate 
slope is similarly charactiariied. In every locality where the Bonneville 

and Provo shin ( > ^nve evidence of excavation, the intervening apace is com- 
pl«-t('l y occupieil by simiiar evidence, but tiie phenomena are in this case 
less conspicuous. 

DiacfkiPTioM or bmbanxmbmts. 

vnmmmm^lf the reader will turn to PL XV, which repMoeuti a tract tjf 

countr}- a few miles south of the town of Qrantsville^ he will see that an ' 
angle of the valloy, cniitaiiiiii;* a Iwiy of tlie ancient lake, occasioned tlie 
local accumulation oi lurj^e enibanknu'iits. Hy studying the contours of 
the map, or by referring to tlic accompanying profile, he will see that tliese 
embankmwts have their create at varions levels, the order of hdgbt being 
also the order of horisontal position. The Provo embankment was carried 
entirely across the bay, so m to complete a bar; nn<l the saiiu' is true of the 
one next to it in the series. The development of the other end>ankment8 
was arrested while they were yet spits, box Elder Creek, which was tribu- 
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tary to the bay, has its modern course deflected by tlie spits, and has opened 
a passage tlirough the bay hnrs. Kach of these einhaaknients is the prfiduct 
of eaaentially tho msiui combiuatiou of lo<»il conditions. At mch of the 
reprewoted atage* lihe ahore drift derived from a long alln^al slope at 0ie 
north, beyond the field of the map, was carried aouihward toward die edge 
of the bajr and llierB accumulated in a kmg embankment, built in die deep 
water of die bay on a line tangent to die shore at the north. Between th^ 
Bonneville find tlic Pidvo tliere are four jirim ipnl onibankinpnt^: utul it was 
a natural assuniption, made at an t iirly st;i^ of the investigation, tliat each 
of these embankments recorded the work accouiplhihed by the waves at a 
etage represented by die height of its crest This assnmption was for a 
time nnqnestimied, but later developments led to doubt of its validity; and, 
in order to test it, a systematic collection of shoro data was inulortaken. 
Localities were sought where the conligiirntion of the lake bottom favored 
the construction of shore emlnnikinents at all levels from the Boimeville to 
the Provo, and at such localities contour maps were made and profdes wore 
meaatued widi the spirit-leveL By means of these maps and profiles, taken 
in connection widi die details of strocture observed at die same locali^, the 
general history of die Intetmediate shore-lines was developed, but dw orig- 
inal assumption was overthrown. 

In order to pre<^eTit this historj* to the reader, Mrith the evidence upon 
which it rmta, It will be necessary to niiike him ac(|uainted with a selected 
series of the maps, wluch series has been reproduced in the accompanying 
platea. 

wi>r^FL Till repreaeiria e^t miles of the easteni ride of Freass 

Valley. At the right stand the rocky span of the Frisco Moontluns, and 
against their ba-sc thn ■'trcain diift fnnn the oativons !•< piled in great alluvial 
cones. While tlui lake (>ccii|iic<l the vallrv, the fonn of ite shore wns g^'ven 
by the contours of the alkunum, each gitat c^me occasioning a rounded 
cape, and each interval between die cones, a bay, Fmn three of die capes 
the cnnents were deflected in sach way as to accumulate the shore drift in 
a Sjrstem of embankments, — and this at nil hovels from tlie lionneville to the 
Provo Pis. XVI, XVll and XVIU show die details of die dine localities 
of accoiualation. 
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similar compouiul cnihankment, but on a grander scale, 
was fonned at the .soutliem opening of tlie strait joiiiiii»j the two principal 
bodies of the lake. It>^ ^eneml relations appear on IM. XXXI and its de- 
taila on PI. XIX. The simre drift in thi.H cA.se came from the oast, being 
dflrivfld from a great alluvial slope formed by the coalescence of many 
ooaes from the Bimpflon Houatains. The embankments into which it was 
bnilt are ohamctemedby the V^ftnm, and are ao piled one upon another aa 
to liiivo suggested the name Stiowplow, by which the group waa di8tin<- 
gaitilied in tlu> field notes. 

stocktoQ .nd wen.vuie.-The eml)niikTnents at Stockton (PI. XX) are of a dif- 
ferent type, having been thrown aiinms a hti ait and not merely projected 
from « shore. That of the liouuevillo atage i.s, iiowever, oxceptioual, run- 
ning athwart the others in the form of « broad spit; and those of the Rrovo 
stage, which fall without die field of Uie map on the sottdi mde, are typical 
bay bars. A ])er8pectivo view of the field of this map is given in PI. IX, 
and a j)rofile of the contiguous Provo bay bars in PI. XIV. Tlie enibank- 
meuts at Wells\'ille in f'adu' Valley (PI. XXI) are of the same fy])P. m Uiose 
near Grantsville, but are Icsh jKifectly pre8er\'ed. A mountain stix-am flow- 
ing amm them luxn opened a wide channel ; and tlic extremities of two eui- 
bankmenta have been truncated by land slides. 

D««a erwk.-A gTOup <tf embaulcmenta near Dove Greek, represented in 
PL XXII, is somewliat similar to the Snowplow, bat the material was in 
largo part tom by the waves from solid rock, and not merely dug from 
allinnnm. It fir;it travdod nnrthwanl nlnnfr the cofist from which it was 
cut ; and then turning abruptly to tiie northwest, was built into terraces 
upon another face of the same island. 

COMPARiaOM or BMBANKMBMTS. 

For tlie purpose of comiwrison, the vertical elements of all these local- 
ities havf! been nasemliltd on a sinfrle pa^o in PI. XXIII. The data are 80 
div(;rsf; in cliaractcr that tliey arc not casilv coiniiarcil by means of profiles 
on a natural scale, and an attempt has tiienjfore iK^en nuido to eliiuiuate all 
acoeasory features and represent merely altitodea and quanttdes of wave 
woik. In each of the profiles of the plate, a stnigfat Ihie inclined at 4fio is 
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made to stand for tho origiilAl Bnrfnoe upon which the embankments were 
built, Tlie horiz«>ntal (llstauce of each j>oint of cuch profile from this biuw 
represents the total quantity of material addefl to the Hhore at that locality 
and level. In the wwe of the Stockton difi<:p".un, Fi}?. 6, it was iiin)o»»ihle to 
represent csomparative quantities of material, and only altitudeH are,ex- 
presoed. At the north «nd of PretUB Valiey tho lower memhen were not 
mapped, because they Uy at an inconvenient distance fnm the upper ; and 
the profile, Fig. 3, i^ tin k furu inooiuplete. The profili' is ndditionally ex- 
ceptional in that it is douhhid, to represent two serieH of endjankment.n dif- 
fering iTi dnt(> of formation. The earlier Reries ia drawn at the left, and the 
later, which in part overlie.s it, at the right. Fig. 5 ix'pi-esents a profile 
mcasiuxid at Cup Butte, five miles uorthwejit of the Snowplovv. In tliist case 
ib» vertical dement only is valuable for comporiMn, because the upper and 
lower portions of the slope were not nmilarly disposed with referanoe to the 
waves. Tlie lower received in) deiKisit, but exhibits the rock of the butte 
carved in termccH and cliifs. Fig. 10 represents the great embankment at 
the Point of th(^ Mottntntti Honth of S;i!t [.nice Oity. 

The vertit:al ineiteurtsmenls lV)r tlie pnttile in Fig. 7 were made by means 
of two mercurial biirometcrB, one of which was road at short intervalM at a 
station near by, wliile the other was carried from point to point At Cap 
Bntte, Fig. 5, the measurement was by means of a hand-level attached to a 
Jacx>])'s staff, the unit of tlu' instrument having l>cen detennined experiment* 
ally by comparison \\ it)i the surveyor's leveL The lemaminjf profiles were 
measured with a spirit-level. 

The profiles nre arniii^ri d upon the piip:*) in tlic order uf geographic 
p0siti<»u. The lliitje groups in PreusH Vallej- tall w itliin a radius of three 
miles. Tlie Snowplow and Cup Butte groups are 100 miles farther north 
but are separated from eadi other by five miles only. The Grantsville 
and StobkKm gnnipa are 10 tulles apart and are 45 miles north of the 
Snowplow. Tlie Wellsville and Dove Creek groui>8 are isolated. Tliey 
are 80 miles apnrt nnd oacli '.H) niiles di^tjuit from ( inintsville, thcnfrirest 
of the other hM ;ilitl<-s. 'I'ho Point of tlic Monntaiu is se|>arated tVoni tlie 
Stockton group by an interval ot more thou 20 miles, iucludiug a mountain 
range. 
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Having thtu asMmbled the data, let us now endeavor to obtain a dear 

conoeption of the questions to 1>c tinswered by fiheir compariHioiL At tbe 
Grantsville locftlit\- tlio whoro drift is bxiilt into a small number of large, 
definite, individual ( inl>;iiiknu iits, difTerin;^ in bcifrlit. Tlio analogy of the 
HoniH villc :ui<i I'rovo sliorcii HUggestii the hypothesis tliatoach of these ein- 
baukinents was produced by, and therefore represents, a prolonged mainte- 
nance of the water surface at a oonrespoudlng height. Under tbin hypotbeab 
tbero should liavo be«i acciimtilated at each of the otfaw localitiea during 
this time a (-(in es]>onding embankment; and if aD the embankments remain 
undisturbed in their original position, a complete correlation should readily 
be made out For each of tlio principal embanknienfs at Oraiitsville there 
should be found a representative at the same height iu each of the other 
localities. If such corrcspoudcucu is not found, it is uecesstu-y cither to 
abandon the hypothensy or else to mipplement it hj the araomptioa that the 
relations of the embankmentB were deranged by diffiarential movements of 
the earfli's t'rust oocuiring during the general period of (lu ir fonnatiiui. 

Examining now anotlier locality, juj, for example, the Wellsvillc, Fig. 8, 
we find that, althmigh it exhiTiits a small number of large indi\ idnal era- 
banloncnts, the altitudes of tlieso do not corro.spond ejich to each with the 
altitudes of the Qnmtsville embankments. However the comparison is made 
ibis dii^rity appears. In Opiate ^Bonneville horizon is aasmned as die 
common sero for the vertical elements of die profiles. Thu assomption is 
' purely arlntrary, and was not adhered to in making the compariscHoa. ht 
order to test the matter fully, each group of embankments was represented 
on a sheet of tnnispim'nt pjiper by a system of pandlel lines whose intervals 
were drawn to a scale, so as to agree with tlie vertical intervals of the em- 
bankments. These tnuispareut sheets were then superposed in pairs and 
other combinataons, and were tentatively adjmtted in numeiroiu ways, in tlie 
hope «f diseovmring occult correspondenees. 

Only (iiie eloment of onler wa-s discovered. A horizon from 1.5 to 2.5 
feet lielow the Bonneville (marke<l a on tlie plate) is discernible in eight of 
tlie ten loc«litif«. With this sinrplo exception, there are no correppondenfos 
which can not be referred t(» fortuitous coincidence. Not only is tlie series 
of altitudes different at each locality, but tlie number of embaukmeuts varies 
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from place to place. It is evident, therefore, that tho hypntliesis of persistant 
Wider stag-ea is tenable only with the additiim ui' n li\ pmhesis of conterapo- 
raucous displai-enicnt; and the question arises whether we have auy uicaus 
of subjecting tliis phase of it to test 

HYPOTHESIS OP OIPPBRBNTIAL DISPLACEMENT. 

Tlio su])]ileinentary hypothesis is not a priori a % iolont one. As will be 
set frirth in a following chaptrr, our invc^fti^jation has f ully demonstrated thnt 
the lionncville shore-line is no lon^^er ot iMpial ahitude at all points, l)Ut varies 
withiu the i-egiou compiisiug these localities through a nuige of more than 
100 feet Hie same has been shown with n^erence to the Provo shore-line; 
and itiuu also been shown ihat a part of die BonneviUe deiang«iment oc- 
curred before the Provo ejKM'h. In the series of localitios repreflra,ted by 
tho profiles, the inten'al betwct ii flu^ Hoinieville aud Provo shore-lines ranges 
from 345 feet to 4(vn fppt, oxliibitin^ a difft rcnce of [yry feet> It, is therefore 
easy to believe that tbe locidities may have undergoue rektive displacemeut 
after die ewRtmction cotain of die Intermediate embankments and prior 
to die construcdoD of odien^ or even diat local changes of water level may 
have beoi dms occasioned at one locality wUk dm prooesa of .diore foimap 
tion was rx>ntuiuoua at another. The possibility of confusion thus intro- 
duced seems at first unlltiiit< (!, and ji rijjornus test of the hj-pothesis would 
be difiicult were it not for a f'nrluuato c in uinstanee. The surveyed locali- 
ties include sevenil psiira, tlie nieiiiberji oi wliicli are so closely associated , 
geograi>hically that Uiere is a strong presumption against dieir havii^ been 
Afiiacted discordantly by cont^poraneous earth movemmits. Tb» middle 
and southern localities of Preuss Valley, Figs. 1-and 2, ara but two miles 
n])art, aud Ix ar the saiiic relation to the adjacent mountain range. Tlie 
IcK-alities of the ( Hd iiiver Hed, Figs. 4 and 5, are five miles apart, and those 
of Tooele Valley, Figs. 6 and 7, about ten miles ajmrt 

ITic princip^d recent displacements of the basiu luivo becu of the nature 
of bioad, gende undoladona, not affecdng die hoiisontality of die shore-lineei 
so £ir as diat is dlsdnguishabie by the eya Tbe region including each 
gronp of localities may properly be assumed to have risen or fallen in ooo- 
sequencie of such earth movMuenIa without important internal change; 
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and this circumstaiico lesnls us to aiitic!j>fit«« that the members of each of 
tJioso ^oufw of embaiikinoiit lotuilitics will be found to correspouil witlicach 
other better than with the members of other groups or with isolated locoli- 

This ezpoctatioii ia raaliied in. (ba relation of £hie Bonneville and Fhuro 

sliorcs. Tn each of the two Preu«s V;ill('\ l.iwditles the Bonneville-Provo 
interval is 345 feet At the two localities of the Old River Bed it is 400 
feet and 35)8 feet At the twn localities of Tooele Valley it is 375 feet and 
378 feet At the Point of the mountain, 20 miles cast of Tooele Valley, it 
i& 375 feet Wheu, however, the Inteniie<Uate uhotm are considered, uo cor^ 
relation ia found. 

The harmonious rdations exhibited by the Bonneville and Provo shore- 
lines at coiitl^'iiniis Idi alitics confirm the postidate that a general con'elation 
should be |K>ssible in these hicalitit s, despite the tnfliumce of contenipora- 
nemis displacement, and funipcls us to reject displacement as a sufficient 
oxphuiation of the diHCordauce of the Intermediate shore-Uues. 

By these conridentionSf and by othefs which it is unneesssary to do- 
iail, the writn- was led to abandcm the hjrpotheMs of peraistMit watM* stages, 
even thougii a IwUsr was not immediatBly suggested. Ev«itnally another 
was found, and this is believed to <rive a satisfactory explanation of the phe- 
nomenik It may be called the hypothesis of an oscillating water sui&oe. 

HVPOTHsan OP okivlatihq watbk vmwAcm. 

In order to set forth this hjrpothesiSf it will be necessary to recur to 
^ general tiieory of the construotion of shore embankments, page 46, 
and iaugine how the process would be moditiud by the content |M>rane- 
ous osttillatiou of the water surface. Let us select some point of the coast 
when? tlie 1<h*hI roiiditiniis detennine the dcpnsitifni nf sshore drift, and 
assmne ihat a spit ha« been ff»rmed, its crest being slightly higher than the 
surface of the water wbeu still. Suppose now that the height of the water 
snrfiioe is gradually increased, A portion or the wlu^e <rf die shore drift 
cmitriboted by the next sform is deposited apoo the top of the embankment 
tending to restore the profile to its nonual relation with the still-water level. 
During this restoration the growth of the end of the i^tis retarded, or per^ 
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hapa altogether chocked. IS the goueral mo of the water is very slow, the 
eoDBtniction of the embankment ke^ peoe with it» and ^ cmt nMMn*fciii« 
its n<Hrmal h^ht, but if the run of water is more nqnd, the epit is soodw or 
later submerged, so that the stwm waves sweep over tt. With a sGght sab- 

mergence, the course of the sliore current is unchanged, and the waves still 
break as tliey reach the line of tlit- sj»it, so that the conditTotis of littoral 
transportation arp tint there abrogiiteil. A jxn tioii of tlie force of the waves 
in expended oa the laud inside the spit, but tlie sluiru drift is not diverted or 
divided so long as tfie position of tiie shore emrent romsins wnchanged. 
Hie growth of die spit Aerefore continnes in its snbmeiged oooditioii, and 
if the water level ceases to lis^ the cnst of die qnt eventoally emerges and 
aequires its nonital height 

Assiimo now that the rise of the lake surfaoo, being more rapid than 
the growth of the Hj)it, docs not ct^aso, but continues indefinitely. A time 
must sooner or later be reached when the tlepth of water on the submerged 
spit permits the waves to pass over It almost m^peded, and at the same 
time peimita the shora euireat to be defleoted inward. The fonnatioii of a 
new apit then begins in a portion hitter on the slopbig side of tbebaon. 

Now let tilt- tt'iulcncy of the water level be reversed, so that it gradu- 
ally falls. Additions will coiitiinic to be made to the new spit by the ac- 
cnrmilation of shore drift on its wtatlier face and at its end ; but sooner 
or later the water will reach a stage at which the shore current will be de- 
flected by the lower-lymg spit, and at which tlie waves in sweeping over 
that spit will be broken and diminished in forces Additions to the upper 
spit will then eease, and the growth of the lower sjnt will be renewed. 

If this tlx try h well founded, tlu r o slioold bepvodttoedat the margin 
of an oscillating Lake a series of cmliauknienta separated by vtrtical inter- 
vals bearing some relation to the nia^niitnrle of the wnvos, and each oi thesn 
should grow in height every time the oscillating water surface passes it* 
horizon, cither in ascending or in descending. The rate of growth would 
naturally bo diflerent at diffetent points on the maijg^ of die lake; and the 
interval betwoMi embankments, being a Amotion of wave magnitude, should 
vary in dilTcK nt it^nous, being greatest where cucumstances are most favor- 
able for the devolopmeat of waves. 
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Thk relation between the m)ib«iikiiieni intevral and die local ooniKtioiu 
•ffectbig wave magnitude is so evident a conseqtieiice of the tiieoiy that it 
may be used to test its applicability to the problem in question, and this 
may be further tested by con:<ideriiig tlie plienumona of littoral excavation 
in coimertion witli tlu»so of littoral cniishnietion. Ilio oimlitiniis which 
theoretically produce e rhvthiu in the process of littoral depu-^itinn have 
no similar ulToct upon the c4»ticoniitimt crosiuu. in the rcgiomt ot littoral 
erosion, the shore cuirents ara not deflected by circamstancea associated 
with tiie rise and fall of the water level, and the some sobjeeted to the 
beating of tlio waA cs bears nhvays the same relation tO tiie still water level 
All equable ti»& of the water should then^fi^ro ]»iiro away the coant in an 
equable mannor; and upon the thwry «if rlivthmic depositloTi, tlie Inter- 
mediate emliaukment.s should not be associated with sea-clifTit aud cut- 
terraces of compiu'able magnitude. 

Proceeding now to the application of tlie li)i>othesis to the problem in 
question, we may premise tiiat die water level has twice risen above the 
Provo horizon and afterward desc«>nded, one rise extending to the Bonne- 
ville shore-line and the other being nearly as git«at. Tliospjice occupied by 
the Intennediate enibaiikiiu iifs has thus been subjected to wave rictioti at 
least f»)ur times. Thcfu o«cillari«»ns have Ix-en demoustrate^l by indepeud- 
eut evidence; and it in ptxibablu that there were ako numerous minor oscil- 
lations. The conditions were therofofe favorable for die production of the 
rhythmic result 

The vertical interspaces 1>etween tiie Intermediate cmbanknoeDtS yield 
evidence confirmatory of the hypolhesi.s. Six of the localities represented 
in tlie pmfih's nnd maps are suitable for cntnpnrisoTi. Amonff tlicKe the? local 
couditioiis indicate the greatest waves at Uraiitsville aud i)o> e C'retik, aud at 
these points the average interspucee betweeu the principal embaukmeuts 
are 72 feet and 75 feet The conditions are leas &vonible at Wellsville and 
the Snowplow, but it is dottbtfol whidi of these two localities dionld rank 
next At W«lls\ ill(! tho average interspace ' < t. At the Snowplowit 
is either 71 fL t t or (Jl fet t, according as an embankment of doubtful rank is 
incltirlofl (11- <>x('lu(l( «l. In Prenss Valley, where there was comparatively 
small scope for the formation of wavcii, the average iuterttpaoo is 53 feet 
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Equally IiannutiiouK i» tlic evidence Iroin the iiheuomena of littoral 
vwoKnAixa. Take, for example, tliu Suowpluw. Tlio niatcrial there aggre- 
gated was derived from & broad alluvial doiK>, jmrtly represented jn the 
northern portion of the map (PL XIX). In this tegion there is a neariy 
ContinnoUH s1<>]K' iVoiu the Prove terrace to the Bonneville terraoO] and 
iibMv*' the I'oiiiu \ ille cliff there i.s a o^mtiuuoui^ slope of undisturbed nllu- 
vium. Tliirt lattt r oriiriiifdly exti ndfd over tlie entire hlope, includitijj .ind 
beyond the I'mM* liorizon, and it can i-ea^tored iu unaginutiuu so as to 
reafize Ana magnitude of dw excayaHon. Ptom ten to thir^ feet appear to 
have hem removed from the general mufiuse, and due io evenly tliat tliere 
are only one or two pointa wliere die prMenoe of searcUA can be indicated; 
and even tliese can not teadily be traced to eoiresponding omlmukments. 
Tlie siiiiv \* tnio in a gener?d wjtv (tf all localities. Not only nre the In- 
termediate endianknientH imwhi ic cnnnfcti'd with a system of timerentiated 
clillli and turracei$, but it lias Ix-en tound impftssible, (wherever the attempt 
haa 1>eett made,) to trace tltdr hotiaons fiairly into the region of excavation. 
At the Snowplow locality, the excavated alluvium ia of anch nature aa to be 
eaaOy modilied by the nun and it doea not preaervethe minor details of the 
ooufigoration impressed on it by the waves; but elsewhere, on alluvial 
slopes of coarser material, the iiit('rs|i:ii c lu tw i i n the Bonncvillf iitul Pnivo 
cut-temices has been observt'd Ui l>c oecupieii by a continuous systimof 
usirrow terrdces and dill's, constituting a sort of horizontal striation ol the 
aorfrce. At one pointy near Pilot Peak, thirty-diree separate tervaoee were 
counted, tlie average interspace being leas than ten feet 

The hy|Mithesis receives addititnud 8up])ortfrom the atructure of the 
imbvidual endjanknients. The spit built by the waves of a lake with a con- 
stant level should nonnally have a certain simplicity of stnictiuc, the prin- 
cipal iulditions to its nuisa Iw in^r iiiadc at ilio distal end, and the deposits 
ucjir the crest ha\'iug uo irregularity, except thai retenible to the diajjurity, 
in force and direction, of die oonatnictive atorma. A apil oonatmcted by 
the wavea of an oadllating water am&oe ahould theoretically be h^m at 
a relatively low level and receive ad^ona in die fomn. of anperpoaed 
apits of various altitudes and leng^S, Bpme extending to the end of the mole 
and others stopping aliort The compound structure is characteristic of the 
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Intermediate embanknipnts. Sectional exiK>Rure8 are indeed rarely to b« 
aeeii; liut t'niiii many of tlic (•iiil)aiikmeiits tlicre ]m>joet, either af the clistal 
•Xtreiiiity or on the shurewunl xnU; shelves or spurs indicatin;; tlie horizons 
of tli« lower wa^'e work and testifyiug to tlie composite Ktrueture of the luasH. 

Fig. 25 gives an Olustratkm of this, obeerved near Willow Spring, west 
of the Great Salt Lake Desert A broad spit is diaraetmaed by a liook at 
its extremity. A stndy of its details shows that shore drift, under the 
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iiitiueiice <if the (loniinaiit waves, here from the north and northeast, traveled 
from a to h. \W less jtowerfiil \vav<-s I'mm tlie east and south it was tiien 
carried ahuut the end of the enibauknieiii to the reeiu*\ ed point c, a point 
with a pecoliar and notable ontlina On the lee nde of ihe sj^t, at a point 
where the waves could have no force afker its comstrucdon, diere are three 
projecting tou<>:ues tl, r, /, \m\\t of 1>each-roIled grav^ and closdy resembling 
the extremity of the point c. TIio hij^iest i» twenty f(Mt helow the spit; the 
Others tliirty and forty feet They are evidently more ancient hooks, the 

HON I lU 
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flppeudafrpf? of similnr but sliorter ;ui(l lower spits, wlii<'h may fitly be Pd- 
garilcil as ]in>;^ej<sivt? stajres <if tlu; hum.' tiilili' ultimately <(iii-^triicte<L 

FiuuUy, the »iiigle elemeut of order detected in the accumulated pro- 
filet » hy iSm hypotilieMt diown to lie consists with the general want of 
order. The terrace (a, R XXIII) lying from 16 to 25 feet below the high- 
est BonnevOle embankment, wae preserved becnuse it wae lAn penultiinate 
deposit of the asccinlin^r ^i^enes, and Ijecanse the ultimate depont was too 
ineaj^er to innsk it Tlu' liiffi reutiated series of lV»nnevIlle bars deHcribed 
in a preceding section ^hows that the penultimate water stagtj was -.iliniit I'O 
feet below tlie ultimate. Wherever tlic peuultimat« coutributiou to an em- 
bankment was made upou its bkeward feoe, it escaped ooncealment by the 
final contribution, which was small in amount and was perched upon the 
top of the same emhankraont 

The second hypothesis is thus sustained at all iwints. Tlie Interme<li- 
ate embankments record thv wave action of an o8cillathi;r water sui-face. 
Within this zniie the water l<jvel did iiot lon^^ liuiror at any one hoiizou, or 
if it did, the re»'oi'd o{ that liiigeriuij « as eilaced by later action. 

It follows as a corollary from this dJacussion that cut^ierraees with 
their associated sea^fls i^id a more trustworthy record of petsistent 
water stages than do enibankmeiitii. It is an additional mark of peraistent 
stages tliat they afford cmrdinated terraces and embaidunents. 

It is important to note, however, that neither the sea-eliff nor thv rut 
terrace, if ob-^erved nlmie, alfords satisfactory evidence of persistent wave 
uctiou at uiie lioriiion. They must be foiuid tojjether. A slowly riMuy 
tide continuall)- aljandons the freshly cut terrace and attacks with its waves 
the ft^eshly cut cliff above it in tliis way a cliff is carried before the ad- 
vancmg M-ater of iin osrilhitiii;.' lake; and when the maxhnum is reached 
and recession follows, the dirt" is stniuded, so to speiJc, at the upper limit, 
even though the water margin was retained there a short time oidy. Sim- 
ilarly, it is conceivable tliat a fidlinj^ lake surface nuiy carry before it a cut 
terrace without leaving at any horizon a sea-cliff of comparable magnitude. 
Tlie first of these condudons has an application in the ease of the Bonne> 
ville shore-liue, which, as abeady remariied, is characterised by the great 
height of its sea-cUffii, but is inferior to the Phivo diore-line in the width 
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of its cut terrace'', l^ie ( Dn.-fiderntions lirrc .uldiK ( d serve to oomplement 
the partial ex|(l;in;iti< m dftliis e«mtnist advanced on jja^'i' \ '2'l 

As already intimated, tiic i-oinpilution ot" tl»« latc*niit^<liaie finbaukineuts 
w«8 the rerolt <ii a «erie« of cweiHationt of die ancient lake, whereby a zone 
of wave aetioii was carried alteniatelj upward and downward over the 
elope. Tlte bona for this statement does not lie in tho cnibankments thenn 
flelves HO inucli as in the aswiciated lacustrine and alluvial deposit^i. It is 
un(iuestion;iltl\ fnic that lite entin* history of (i^seillntidii is eiiilxidted in the 
int(>rnal strurture,-, of the eiiilcnikineiitH, Init flioe iire not e\|joseil f<irex;nn- 
iaution, and the external tonus atJurd inlbrniution tor tlie must [nurl only of 
the latBsi additions. 

It is a enrious fact that these forms of emhankraents appear to have 
been moulded by a ^.ulually rising ratber thsn by a fallin<r tide. Ilie last 
general movement of the water was of couj*se a i-ecession, for the sIoik's are 
now dry, but that nH"i'S-''ton h;is left sd little tntc** ulxive the Provo horizon 
tliat wo are led to btilicve it was tar more nipid than the preceding advance. 

Hub oonduMon is as inteNeting as it was unexpected ; and it m proper 
that the evidmoe on whicli it rests be presented somewhat fully, espeeislly 
as it has been assumed by several investtgatotSy including myself, that 
the several shore marks of the series represent lingerings t3£ the ancient lake 
during a gradual receasioD. 

BDmrosmmi of aHRuaaa«m 

TIM SMMfi*w.-In the fimt place, there axe many sujierfioial indications of 
the overlapping of low wnbankroents by high ones. If the reader will torn 

to the tna]) of the &lOW|)low (PI. XIX), he will see that the table lettered « 
is not entirely supported by the table b, hut projects a little on the south 
side so us to n^st partly upon the general slope* wliicli the* common founda- 
tion ot botli. (It is necessary to restore in imagination the contours inter- 
rupted by the dnumige line southemit of the letter a and dividing tho 
embankment it indicates.) As has already be<m ezplatnedf the materisl of 
the Snowplow was derived irom the re^on ^ and was drifted along the 
shore from soutlu^ast tO tlorthwest Tliat which composes the upper surface 
of each embankment must have been earned along the southern edge of the 
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Suowplow by beach action, so that eacli embankment wtis, at the time of its 
completion, connect<'<l >»v n rontijuions })<»:u'h with the sntinc of supply. The 
embankment is not so c<»nnected, for the evident reason fliat its t>(iiitlu ni 
etlgu luw been overlapped by Uie latctit addition to embuukuicut «. il the 
wavea during Teoeatim of die water had made a contribatioii to the lower 
Miibaidanont, they miiat eitlicr have excavated tlie ride of die upper embank- 
ment or else have built a platform around it, and in either case the slope from 
the crest of the upper to tllO fottudntion plain would not have the ol)8erved 
unifoniiitv aiul steepness*. A similar rclMtinn t>f purts shows tlifit the cm- 
liMiikiuent h was completed after the ciiiliMnkiuent r, so that at least three «»f 
. tlie members of the series received tiieir final moulding in ascending oi-der. 
■mmir BMia^At RcHervoir Butte 8uh«tantially the «uno story i» told, but 
in different language. Tlie face of tlte butte turned toward the open lake 
was rugged in the extreme and the eonfi<;^ur.ition of th<- lu i^rh boring bot- 
tdtn was irrefifular, so that, iw the depth of the water chanjfC'd, the conditions 
determiiiin;4' the traiisf^'r (»f shoni drift find the eonstmcttun nf eni}),'inki)i<'iits 
were eontiiiuatly iiioditied. Tlie ix-sultiiig embankments weit; not Ixtilt into 
a symmetric system but welt) thrown togetJier in an irivgular and unique 
group. By referring to Pb. XXIV and XXV, where they are represented 
by vertical and liorisontal nketdieii,^ it will be seen tliaf, of tJioite above the 
I'rovo, die highest is the last formed, overlapping all the otlieni. NainlH;r 2 
(they are numbereil in the onler of height) has no visible e«uinecti(m by 
b«?aeh with tlx- north or w<')tther fnce df the Initte, whciu'c its material wa.s 
derived; and its Innn and rehitions show that it eoulti not have been con- 
structed after the completion uf Kuinlx^r i. The third and i>art of the fourtli 
are in a ainular manner overplaced by die lecoDd, and were evidently ear]i<n' 
formed, Tlie fourth is however fleparable into two parts, wliidi may have 
been foniu d at <liflerent times; and die outer, mark(^>d40 ill tlie diagram, il 
!>ot HO 1 ( lati d to No. 2 as to denifmstrate the order of se(|Uence. It is however 
oveqihu 1(1 l»v Xo. 1. Tlie n-hittvc u'^o of the third and fourth is not appar- 
ent; but tlie tiftii, which liet in a bay completely sheltered the iburtli, ix 
evideudy of greater age. The sixdi and eighth have no determined relation 

> Tko plat df tiMM mtiBtilniMnU Klvca in PI. XXV ronwnt aliini «Im nooaruef ot otlwr oitpa of 
MnbnkaMta. It wiu «keiel>Fd in tlie field viiboot tka M af iMliUMBl^ aad m»f Im Miy inMoi* 
nit* in BBMns o n i n nUal to the diaonasion aboTa. 
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to any other except the first, which tliey underlie; wmI the seventh, which 
projects from beneKth the feurth, shorn no direct rdatlon with any other. 
The ninth ie the Prov<^ and tliia proclaims its recency by its relation to the 
first lis taUe extends to the nordi &oe of the bntte, and not nmely passes 

1 ' ' ire of the first or Bonneville embankment but is in part oar\ wl from it 
The Provo wavos encroadifd also npni \hc v'v^hth einhniikinent These 
n'hiii(tn.s may he tjihnhited in tiic tolldwiii;^^ ti»nii, in wliicli the word "ante" 
iihouid be cuustrued to mean cotiijticUil at an carlkr datf than. 



ant I' 'J 



« 

a J 

k-Anoth<nr nnique aggregate of embankments is equally instmet* 
ive. Previous to the rise of the lake, the dnunage of Rnsh Valley was tribu- 
tary to that of Tooele Vnlley, the eoiiiM-rtin^ partx having a continuous 
4h>s<*ent from south to north, and an aniplo i-hanncl, of which a |)ortion is yet 

ch'nrlv to he wen. At the point of •rreatc^t (•(instri<'tioii In'tween tlie two 
valh'y>, while tlif I'xinnpville strait had a width tit Only H,(KK) ft-et, the bot- 
tom of tlie i-haitnel ran aVx)Ut 350 fwt below the level aftenvai-d marked by 
die Bonneville shore. At all high stages of the lake the strut received a large 
quantity of shore drift from the northeast, and a series of curved bars were 
thrown across it Tliese ham have a total width of 5,000 feet, and {MUttally 
overla]) each other, so as to consfitiit*' a single earthwork of ("(dossid projMtr- 
tions. ANHienevor the water Kuifacc fi ll liclow the lii^dicst coniplctr'il hnr, the 
Uush Valley l>a\' was cninplctfly scvcieil truin tlic main Ixuiy, ami Ix-cajne 

a lake by itj*eli. 'riiis lake was so small that its waves were comparatively 
powerless; and, although traces of thdr woric can be discovwed, they did 
not materially influence the configuration of the earthwork. The locality is 
ezhilntBd in the foreground of tiie view in PI. IX and in the map and pro- 
file of PL XX. If the reader will refer to the latter plate and give attention 
to the profile in connection with the map, he will see th.at the bars rist^ in 
consecutive order frfan a to </, :inrl t!i!it each has acnrvod axis with concavity 
toward the nortli. Tliis curvature, which iv characteristic of bay bars in gen- 
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era], ihowiiliat&e wsvei cooceriMd in their prddudaon oirae from Hib nortli. 
It is ttvideut Ihat after bar b waa constrttctod, the bar a was protected 
from all fbrdier wave aetion. • waa therefore completed before b was built; 

and in gciu ral the order of construction could not have been other than the 
order of the letters, — ^tln- l()w<'st bar a being the firnt, and the highest bar .17, 
the last. The onlvr of coiistructioti was therefore from low to high. It is 
to be noted that tliis onkr i« tUnnoiiKtndeil only for the visible or HUperiit iiil 
portions of the earthwork. There may be beneath the \nir «/, tor example, 
a deeply buried teriee of bars Umw dian a, and either younger or older; and 
ao of any other of tibe higher bara. ' We have no reaaon to believe diat the 
whole hiatoiy ia embodied in the vinble phenomena. 

Tl«e bar .9 differs from the others in that it is not uniform in height 
tliroughout its length. The lowest point of its crest is approximately in the 
positidii nrnipied by the letter; and fr»>m this there is an ascent of about 30 
fi'et tovvuril either shore. At the Bonneville stage the strait wa« not closed 
by a bar, but the shore drift was built into spits. That at the west is short 
andhaathefonnof aho^L It ia created from end to end by a alender ridge, 
builtat the culminating water st^e. Theeaatem iaatraight and broad and 
6,000 feet in lenglk Its proximal end bears two small spits, refera1)lc to the 
cultivating atage of flw tfater; and ita distal end e\ndently overli^ the 
lower members of the compound earthwork. So lai- as outward apppfirfince 
gopH, this is purely the pnxhict of fhore action at the Honneville staji< ■: but 
it is possible that similar spits were tbnned at lower stages, so as to <'onsti- 
tute a foundation for the Bonneville apit 

CNie of the most striking features of the aeriea o( Bars ia the paucity of 
wave marka upon the northern fiioe. Thero is a diminutive bar, dHuaoter- 
ized by an abundance of tufa, imposed on the filoe of the groat bar ff four 
feet lx>low ita crest ; and twelve feet lower n \va\ e-riit terracf- i.s liarely per- 
ceptible. These may record an f>scillation of tlie water aftei- the comple- 
tion of tlie grt-at bar and before it rose to the liotuieville shore ; or they 
may liave been produced by the receding water after die highest level had 
been touched. In any event, the final recession must have brought every 
loot of Ijie nordiera dope of the earlbworiL widun reach of die waves, and 
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the Huniving continuity of tlio slope testifies to the rapidity of the reces- 
siou. The conditions for wave work were luichunged. The alluvial ehipes 
whicli had fimiialied the gmvel for the several embanhmentfl, Rtill offend an 
inexhaiislaMe supply, and llie same cnrrenta and wavea mnat have heen set 
in motion by the etorni \vii <1 ; but the lake seema not to have tamed long 
enou;[;h at any one level to add :i tctrnce tn tlu> strueture. 

Another eAndeiH'** f>f the rsipiditv of the finjd flc-rciit of tlu- wutcrs i« 
found iu Uie failure of the waves at any of tlie intennediute liorizons to un- 
dercut the embankments constructed at the higher utagm. If the water 
tames long at one level, the changes it effects m the form of the shore 
finally modify the cuvrmts so as to shift slowly the cUstricts of eronon and 
of construction. Spots tliat were at firat excavatetl are afterwanl made to 
receive deposits, and )K>rtions of tlic orifritial deposit are afterwanl removed. 
Instances are known in which tlic I'rovo waves have pushed their excava- 
tion to tlie heart of the lutennediatc eQibankmi:ut«, so to uudercut even 
the lii|^st members ; and there are faw ktcaHties of great wave action 
which do not ezlubit more or lese wovacbment ; but there is no evidence 
that the waves of any Intermediate stage have serioudy impaired any higher 
embankment. Tliere is a narrow wave-cttt terrace on the north face of the 
Stockton earthwork ; two lincj^ are enfrrf ved on the points of Tntermedinte 
terraces in the Snowphnv; and there is jKWsiWv ii similar o( < urrciieo in 
Preu88 Valley ; but no locality gives evidence of long-continued action. 

B^ciNMMi ftife^The undercutting of the Frovo shore has in two places 
ezpOBsd instructive sections q( the Intermediate embankments. At the 
sonth end of Cache Valley, dose to the point where Blacksmith Fork 
issues from the mountain, thci-o U u section, nearly BOO feet in height, show- 
ing a face of clean frravel, whic-li lias slidden down so as to cover tlic entire 
surface — if, indci'il. it does not constitute the t ntiro mnsa. At tmir Imnzons 
tliis is barred across by level lines oi cenK'iu«fd gravel rnsirkiug .successive 
positiona of ihe upper snrfiuse of the mass as it was piled. • 

B«r. OMk-A similar escarpment of gravel is exposed on tibe woCtk laeo 
of the Dove Civek group of embankments (see profile diagram on PL 
XXII.), ami a similar series of parallel lines can be traced across it They 
are best aeeu from a distance, and on close examination prove to cooMSt 
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merely of a scattering growth of bushes. There is no vimblc variatiou iu 
the character of the gravd, bat the position of the boshes is doubtless de- 
tenrnned by the existence beneath the sui&oe of relatively impervious strata. 
' Wfiatever the nature of these strata^ ihe}- arc elements of structure and 
demonatmte tlie growth of the series of eiiihiuikmeiitit fn»ni tlie base upward, 
Tlie feafnre osj>eri:ilh- iiiterestin"; is the relation of the sfcti'^n to the unim- 
paired euftteru lace ut thv embankment group. Kaeli line t>t division is the 
coutiuuation of tJie ui^ht j)laue of a terrace, so tlmt the terraces are shown 
to be units of stratification. Hie evidence from extemal form is thus con- 
nected with that from internal structure ; and the general conclusion in 
regard to the-succession of the Intenni-ibate tt Traces is strei^gthened. 

Here, as in tJie otlier loealiti<'s mentioiu><l, it is necessjirv to g'liard 
affainst the iTTipression that fhn oittire hi'^fory of the lake dtirin;,' the fonua- 
tion of the Intermediate shore-lines is iwealed by what can be seen of the 
eiubaiikmcntii. These structure Hues do not extend through the entire ma^ts, 
and -no other lines replace tJiero. Those portions of the general mass of 
detritus which lie next to the original hill slope may have been accumulated 
byriring or fallin<r wati rs, or, for au<rht we know, by a surface subjected 
to many oscillations. In the case of the Snowplow, all that we can prt'di- 
cate is that the latest additions to the mjuss were miulc in ascen<lin<;f onler. 
With rt'fen'uce to the .Stockton earthw(»rk, we know only that, of a certain 
series of visible bar cro8t», the order of height is also tlio order of date. It 
is not only ])OM8ible but even probable thai tlie is discontinuous, hav- 
ing been interrupted by epochs wheli the water was too low to add to the 
accumulations at this point. 

Double scrie* In Praou v.iiey.-But, wliilc it would liave bccu iinpossil)le to j»ain 
a knowlc(lf»^» nf the rejH'titive moveinciits of tlic lake surface from shore 
plienomena alone, they nevertheless st i ve Ut supplement the infomiatiou 
afforded by the lake Be<liments. Having leiumed from the se<liraents, as 
will be explained in another place, that tlie water rose at least twice from 
tlie lower to the higher parts of the basin, besides undei^going many minor 
Osei11atif>ns, it was not diflScnlt to see .that certain of the shore embankmentM 
were referable to an earlier flood than certain otlu'i-s. Tlie m(»st important 
locality is illustrated by tlte map and sketch uf PI. and shows a series 
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of cun'6(l bars (b bbbj, overlappecl by a scries ol .spit-ukc < niliunkiueuts 
nUMMdtiDgelliMrinto a few sloping temnes (ttt). The soiuroe of tlie aliare 
drift was at the north, and iJio beaches which conveyed it to die curved 
ban are hidden by the later embankmeuta It would be impoaaible for 'the 

bars to onffinate uiulor the lee of tlie spits. Jfonfovcr, the »])its everywhere 
exiiibit tlii'ir (gravelly constitutioii, but the curved bars are half buried by 
lake deposits. 

The eurliiiiit allusion to tlie ileltas of the ancient lake is by Bradley, 
who remarka thai lake terraces aro mndi more numeroua near tbe 
moutiba of the atreama, where Ibe atream^eurrents have diatributed their 
•edimenty- when the lake waters were at theae higHw levels but the 
first dear discriiniiiatioa of the deltas from other terraces was by Howell, 
whose observ ;itHHi;< were made otdy a few months later Sprakiiifr of tin- 
horizon of tlie l'i<i\t> shoi-e-line, lie says: — "When tiieold lake stooii at tins 
level, the detritus brought duwu by tlie I'rovo liiver fonned a delta, ch)V- 
ering at least twenty thousand acres. Another delta was formed at this time 
at tlie mouth of Spanish Fork Canyon, in the same valley, which covered 
an area of eight thoussjid or ten thousand acrea"* 

It was tlm ma<rnitude of the former of these deltas that IhI ITowell to 
sup^^eat the !)])pli< atiiiii of tin' local name Provo to the slidrc-line at that level. 
It is now known not only tliat all of the nioi-f notahl*' dt lfas of the bjusiii 
appertain to the same shore-line, but that tlu; delta built by each stream at 
that level equals or exceeds in mass die aggregato of its deltas at all other 
levels. At higlier levds such accmnnlationa are exceedingly rare ; and at 
lower tliey aj^pear to have derived didr material largely from die partial 
destruction of the Provo deltas. 

Ill attetnptiii;^ to translate these facts Into t<'nns of i.M'f^lojric historv', tlie 
first iinijression is tlial the Like .surfju^e was held at the I'rovo h-vel during 
more than liidt the period of its existence, btit a fuller consideration shows 
diat dris conclusion is not warranted. The degradation of the uplands and 
the offsoottring of die rivers are doubtless suffidendy nniform in rate to 

■ Frank H. BfimIIot : (K'4>l, Sarv. of Terr., Ann. Kept, I87ti, p. 
•Edwin E. Hoir«U : G«ol. Sirr. WMt «r lOOU Meriilim, vol. 3, p. SSa 
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afford the basis for a time scale, but tbere are important inodif}nng coiu£- 
ttom givm by the relations of the oscillatiiig' lake sui&oe to the coiifigiirai> 

don of the strejun vallevs. 

III till' iliscussion of sliore prncessos, U was pointed out that tlio dctritug 
brought to u hike hy a small stream is absorbed by tli<» nhon' (hilt, while 
that bmuj^ht by a lar<;e f>iio ovtTwIichns the shore drift and records its acces- 
uon by a delta. The c<)d<>t<^rniiuauts are, on tlie one baitd, tlie magititude 

- of the lake and tlie iXHist iiucut force' of the waves, and on the other, the 
volume of the stream's load of detiitm. In the eaae of Lake Bonneville, 

. the nunil>er of strcaniK cfunpcteut to project dcUiis fi tmi thf sliores of the 
ojM'H lake or of the larj^er bays, was small; and it is believed that .all of 
their ancient mouths havf hvpu cxnmiTicd. With very f<'«' pxcfptinns, they 
enter the lake l)a.sin thnmgh inoimtniu gorges so deeply erorled before the 
lake epoch tliat the rising water set back into them, forming narrow estua- 
ries. Knowing as we do from the study of the Intennediate shore erobank- 
ments that the water rose slowly aa it approodied the highest level, we can 
not doidjt that till' sfn am drift WBS COntMUpOraueOttsly at < unudated into a 
series of deltas within the mountain gorgea Afterward, when the water 
fell nipiflly to the I'rovo level and there rested, the streams attacked the 
deltas in the defiles and ca>"ried their substance farther lakeward to form 
new structures. These new structures Ixgan for the most part within the 
walla of the defiles, and were progresMvely built outward until they pro- 
truded into the open Iske, where space pennitted them to develop into typ- 
ical fan-sha]>etl deltas. The material furnished by the older deltas in the 
defiles was close at hand, and in a condition peculiarly favorable fnr 
ronidval. Not only was it inicoincntcd, but it was confined to tlip very 
courses of the strcams, so that it coukl not ei^t ape tlieir action. It must have 
been rolled to its new position in an exceedingly short time ; and we need 
not be surprised that the traces of its original forms are nearly obliterated. 
The rapidity with which delta alluvia are torn up and carried away by run- 
n'm^ water finds abundant illustration at the present time in llio irii<ratiori 
districts of I'tah. ^^^lel•ever the water of a canal breaks through its bank, 
or is neglected nw] sntton>*l to discharLn' ungnided down a delta elope, it 
quickly erodes a cailada of formidable proportions. 
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Deltas anodAted with the I^vo sbote an thnw compoaed not ramdy 
of the eoiiteinq)or«oeoiu ontsoour of the eatehnumt baana of thdr aeveral 
atreama, bat of the detritna nntecedetitly aocumiikted In ihe eatmriea ^Uuv 
mg the lliglier water stages ; aiul, «<> far tis tliey afford a time ratio, they 

r(*))!"osoiit the rmtii'o poriod dnriiitj whicli tlu- w.-itt-r stnorl nt and nlxivc the 
J'rovo horizon. There aiv, liowover, a t« \v < \( i'|)iiini;il localities svln rc tlu' 
Boiiiipville t'jituaricii were so 8inall and shallow that th<^ stream dritt not 
merely filled them but throw out aemidrcular capea mto the BcHineville 
lake; and in andi caaea it ia poanble to make a oompariaon between the 
magnitude of the atructuroa pertuning aeverally to the Bomieville and 
Provo ejKJchs. 

Amoric.n Pmv DtUfc-Tlio bcst locaUtv for slu li ol>ser\-atioti is on a tributary 
of Utah l^ake known iw the American Fork, and this was rnrefidly exam- 
ined for me by Jlr. Kussell. The lionne\Tll« delta there tli»splaycd lijui a 
radtna of nearly 5,000 feet, and a height at ita outer margin of 120 feet It 
ia biaected by the credc, and ia thua cut nearly or quite to ita bBB& The 
w.iUr. «>f the channel exhibit a section of the depoait, sliuu iiig it to consiat 
chiefly of nminlcd gi-avel, with some intenningled sand. Tlie gravel, being 
uncemciitcd, will not hold an escarpment, but flows down in the f<mn of a 
talu.s s\ In rev t r it !•< excavated by the stream, thus masking the greater jiart 
of the struct lu e. Tliero is, however, some iudicatiou of horizontal bedding. 
The outer mai:gin of the terraoe ia fortunatdy more cwmnunieative. Around 
tfiree-fourtha of ita periphery there runs a narrow ah^f half-way down the 
ateep focei and the details of thia ahelf Bh>\\ tliat it is the protruding edge 
of an older and lower delta terrace, funiishing the foundation for the 
upper. At some points lake beds were found interrfi!ntfd witli thv alluvial 
gravels, Imt they appear to be local deposits and not continuous sheets 
traversing the whole b«Hly. The most complete local section has been intro- 
dueed into the aecompauying diagram, and preamita the following sequence: 

a. WeUmiid0dgrainl,llDniilaf «lMtop«rttovppwlHnee«MJM. 

4. W«n minMgi»T«lt IS fttt 

X WdlnniMpMHl MMnddiiit tb» top bj aalMMaiu tnfk; aoaalitBllic • hawli oo fk« 
1. LakolMd<,tofootordop*, lOfMt. 
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The oontinuitj of the gravels 3 and 6 throngfaont the whole imun is 
ahoim by iheir relations to the topography. Each niailDi a water stage 

during whicli a bmad delta was built in the lake. The bods ninu))er«d 2 
and 4 are identical in c-liaracter, and may be milients of similar deltas, here 
locally brniir,rht to ]\<xht and clscwlicro coinidettdy buried: or they maybe 
merely loc^il iaii.-i?.iH Hlluviuiii, marking the poiiitions heUl by the creek 
during temj)orary HuctuatiuuH of tlie lakelevd. 

At anottier point of tlie profile, a less complete section was observed) 
ezhibithi^ a rapid alternation of gravels and clays in the lower part of the 
mam, and at a few other ]>oint.s short tongues of gravel were seem to project 
from the table at various levels. 




These indications of romplcxity of structure accord well with sucJi con- 
ceptions of the 08cillati<»n of the lake at these staffs as we havf dcrivrd from 
tlif [(henomena of the Intermediate embanknicntH. If its stu tace was incon- 
stant^ rising and falling, like the surface of (ireat .Salt Lake, with an irregu- 
lar rhythm, all proceases of deposition at the mouth of a stream would be 
sucoesMvely interrupted, and any detailed section should show evidence of 
altmiatton. A rising tide would induce the formation of a delta far up the 
slope and give opportunity for the accumulation of lake beds fartlier down. 
A falling tide would cause tlio stream to deepen its cliannel by tlie ]>;uiial 
erosion of tlie incipient deltJi, unci perhaps of lake beds also, and would 
cause a local deposit of gravel at some lower level A reascent would re- 
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pMr tlie breach in tlic ilflta, and a n ili sr*>nt nti^rlit conduct the stream dnft 
in sonio new <lirecti<>ii Viw same oHcillatittns would carry t1i<> waves to all 
jiart^ of tlie surface and (>nal)le them tu work over the detnttis, adding tlicir 
tribute to the general confusiuiL 

Assuming that the water did actually oscillate to and fiio during the 
oompilatiou of the delta, it ia inanifcatly impossiblo to trace in detaO and in 
true itequence the jiroceiMefl whidi make up its hutory. The most that ean 
be aflimitHl is that u definite ntajje is marke*! at the horizon of lied No. 3, 
wlicrt' the water stooil ]<tii<j; enou<;^h to coinplctc a \m H ^leveloped dtdta ter- 
nifc, and that a similar definite stnjr*' i> maiki il hv No. <!, which is a 
continuous delta sheet ahnoi«t coincident in area with tiie one Ih'Iow. The 
hike level repreHented by this liigl -«t delta falla witlun tlie range to whicli 
the Bonneville tthore-line peirtaina, but wan not the abdolute maximum. It 
ie probable that the latter ia ropreaetited by a shoal-wabr bar which crcMea 
the south part of the delta with a crest about 20 feet higher than the ddta 
mar^'n. 

'Hie locality thus exhibits at leutit thrue ancicut deltati, of which the 
order of position is: — 

Bonneville delta; capped by Bed No. 6. 
Intermediate delta; capped by Bed Ko. 3. 
Provo deltas. 

In the order of time the Int«'rmediate comes first and thf! Pri»vo last 
Tlie f t»t»»rTnedintt' was btiilt; the Honnevill* wns s]»r«*)»d over its b.ick, but 
failed t() ct*vt r if rdnijih trlv , tlic Inke fell, and tlit- two \v«^re eroded liv the 
crettk, the Provo being forniiHl at the same tune. Finally the Provit shore 
aim was abandoned by the lake water, which receded to itit prenent pu«ition 
in Utah Lake. The creek ha» opened a broad iMsei^^e through the Provo 
delta, cutting it at the outer margin to its base, and is engaged in building 
a modem delta in the modem lake. Tlx apex of this delta lies within the 
chaiuiel throu^rh the Provo <lelta, aud ia continuous with the flood plain of 
the up|»er coui-se of the si.eanj. 

The iHodeni stream bed hm a moi-o rapid fall than tlie ancient, as will 
be seen by eomparing the profiles of the modem flood pltun and the Provo 
delta, as exhibited In the diagram.' This is due chiefly to the lowering of 
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the utream's ninuth; but it is also «luc iti juii t to tho ol^vafinn of its poiiit of 
ibmo from tlio niuuiitaiii. A i\-cent timlt iia« iittc<l the iiiountaiii witii refer- 
ence to tlie valley threugli a .space of 70 feet 

■ There is periiaps no locality more fiivoiable than this for the estima- 
tion of the time ratios of the lugher lake levels, but even here it is far from 
satisiactory. The Pruvo delta of AmericHii Foi k coalesees with the (-(Ui- 
teni]t()tfm(>(»Tis (li lt;i fnrmcil hy the next erc-ek f«> the iiortli in sueh way that 
it is iiii|)rH* ti( t<t (!ia\s ;i line of sej»an>tion; and there is no recnrd of 
the tribute nia<it> l)y Aiuerieau Fork Uui'iiig the risin;^ of the lake until 
it reached a level tmrely 1(X) feet below the Bonneville. Nevertheless, it is 
instructive to make such comparisons as the drcamstaiiceB permit, and Mr. 
Russell's field notes have enabled him to compute approximately the vol- 
umes of alluvium aceumnhited at the different levels^ 

Million* at 

ciibif vAril. 



Valnnio of UouueviUc and inlvrin«li»le dcIlM bofuru eroaiuo bjr Uic creek XtO 

V«lam •TaUaviam nmtiumpaiamvmif dapailM in ■ioaM«riMd<«o«k«Miy«D b 



Total Toliiiiici of Kruvrl fiirnishod by Ainvrivan Fork wbilr the Ukv level was within 

100 feet of tb« bi^brtt KtAK* - 335 

Voloiue of Provii <!<'lid uf Aiiiuiicait Fork i tljt< nojijuutiou from dtlba of l>ry Cieek being atrlii- 

irarily rnn<1>' I 400 

Dcduet gravel derived Irom Uouiteville and Intermediate daltea........ ................... SH 

IMiiet|i«vald«tlTCdilMmaiMtli«fM-i»dli«amwi.... & 

as 

Total vulninoof grnircl rumialincl by Aiiii^nvaii Fork while the ti»ko stood at the Crovo 

leftl M7 



If these quantities were wdl ascertained, instead of being rudely esti- 

mated, they wouKl sh<nv the fn"d^ <1 f I il "ite of the stream to have been slightly . 
}>;ivater dttnti^r tlic Truvn (>jn«'li tliaii (hiriiijf tin' l;i-t lOd iVci uf tlie niiteee- 
tli'ist risin;^', :iimI wuiild \\ ;ii'r;Mit the iiifeitMU'e tliat tin- tiiin' ihirint,' w liicli tlir' 
laki 11 \i l hajj^eifd witiiiii lOO feel of its highest mark was sliglilly cxiiM cie^i 
by the duration of the IVovo stage; and, aftur all allowance has been made 
for imix^rfection of data, tliere remains a presumption diat the Provo epoch 
is comparable in duration with the epoch or epochs recorded by the upper 
deltas. 

Mr. Russell has computed also tho vnhiine of pfravt l funiislied by the 
creek after the compltstiou of the lutormtidiat« delta, finding it,,to be 153 
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nfllioii yards. This repreaents the tribute of tliu ci-cek fur ull laku cliuugcH 
within r»0 feet of tlie mnximxnn, fiii»l itu ltidcs the Uoniieville tribute. Its 
ratio to the eHtimute<l Provo tributu is u.s a to 12. It is perhaps fair to aa- 
sumo that ouu-half of t)iis mass ^artnim to the Bonneville shore proper; 
and on diat awumption the indicated ratio of the e]H»( h8 of the Bonnov^lle 
and Provo shores is as 1 to 5. Quantitatively, this estimate has not a hi^ 
value, bat qualitatively it .serves to confirm the impresnon derived from 
the wave work of the Bonneville and Pruvo sl)i>r( >. 

It is worthv of note that tlie only lialt of the laive surface which here 
finds record between the Provo and Bonneville horizons, was a halt of tlio 
advance and not of the retreat. Tlie lnteriue<liate ilclta is uniuistakably 
older than the Bonneville; and there is ntme youngx>r except the Ftovo. 
TWa was of course no oessatikm of stream action while the water of the 
lake was fiilling from the high mark to the low. The creek must have be- 
gun the erosion of the lioimeville delta as soon as its point t>f dis(.'har{^e 
was at all lowered by the rf^cession of the Inke; and the product of that 
erosion must have been de|x»sited at tlie nioutli of the creek in the fonn of 
a delta or group of deltas, but the eroded channel was so narrow and the 
reanlting de|K>sits were of so small bulk that later actitm destroyed them. 
While the Provo delta was being built the channd through the Bonneville 
was enlarged nearly to its present dimensions, and do stream termoe sur- 
vives to mark the earlier stsige.s of its excavation. In the same peritMl the 
creek tore down mid removed wltntcvcr deltas if iiinv lijivc bnilt at the shore 
of the receding lake, if the lake Ijad hahcd and hii<j;eiTd by the way, the 
creek would havo been able to carve a brund (lou<l ]ilain and spruitd a broad 
delta, some vestiges q£ which would survive; and wo can legitimately infer 
from their a,bflenoe that tJie rooeasiou of tlio lake w«w raind and without in- 
terruption until the Provo level was reached. 

^Vllen the lake afterward slirank away from the Provo dcha, its niove- 
n»ent wa.s less preci]>ifate. 'Vhc ( li;srmel then oiicm d l>\- tlic creek Ims a 
maximum depth of oidy 70 feet, but tive sepanitt; stream terraces, cut from 
its right wall, record the hesitation of the water as it fell, 

tacM MUL-Qne of the moat beautiful and symmetrical of all the deltas 
is that constructed by Logan River at the Provo stage of the lake. The 
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, river ( iiti IS Cache Vallcv iroiii llic cast. (l<^1>onrUinj( from a hold iiKuintsiin 
fnint tln oii^fli wliii li ii lias rnKlcd a narrow V-fonn (vuiyon. At the mouth 
of tlui fuiiyoii the liomjcvillt! hht»rt^Hno h uugravwl ou thu i-ock nciirly five 
hundred feet abovo the river, and the grade of tlie river bed indicates, tliat 
when il)e Imo was cut the lake water net back into the narrow way a di»- 
tanoe of about four milea. There are are mime tilig^t tracen of gravel ac- 
CUmulati<»iis within the rniiyoii, hut it prohahly was only jKittinlly filled, 
and i crtanih- iii> dt hn was fonited in the lake at the l?»iini« \ illc lc\i l. If 
sniy i-.riiar\ i \i-.tci! at the iV»n'«> sta<;e it was small and (juirkly tilled with 
alluvium. The ape.x of tlie l'i*ovo delta is at tlie moutli of the euuyou, ami 
about thin jioint as a center the nurgin detiGribea an arc of about 130 diigreea 
with a nidittH of 8,000 feet (nee map and profile of PI. XXVI). Tlic upper 
surface is ^sibly and disl^nctly conical, having a radial (dope in all direc" 
ttOllH from the ajiex of 55 feet to tlie mile, or three-fifths of a de^riiH) from 
the horiz<»ntal. At the mai'fnn this ffentlc Tiic1iTi:Uii»n is ahnipTly exehaujrcd 
for a declivity nf ahoiit t*0 dciji-ccs. At t!i«' Udt th iIm- terrace joins aud coa- 
lesces with a .-timilar and coiiteunHtraueous hut stuaiier terrace pertaining to 
what IB now a small creek. The marginal height of the termce is abont 125 
feel. During its construction the river oocu|ned every part of its surface in 
turn, and when die ctmsti-uction work was hrought to an end hy the lower- 
ing of th»i lake, and the e.xcavation of a channel was hegun hy the river, 
the )>i»sitiiiji (if tliat elianiiel was detennined hy tlie cli ant e ]>osition of the 
sliiftini; stream. It is not medial, hot hears si i tar tn the south that the 
northern reuuiaut of the <hdta is two or three times greater than the southern. 

As soon as tlio erosion of the Plrovo delta oommenoed, the buildhig of 
a now delta was b^un at a lower level, and the a})ex of the new delta was 
at llle mouth of the chiuuu'l through tla* ProVO. With the progressive low- 

* ering of the lak^ yet other and hiwer deltas were huilt, the coDHtniction of 
each henig ncconi]>:oti( d hy the ]»artinl or comjdete destruction et' tliose 
ahove it; ami this coiitiiuied until the <lesiccati<tn of the valley. For two 
miles below the I'rovo delta, each bank of the modeiii river is lined by the 
remnants of tliese old depositSi four or live lying on each side. One of the 
most conspicuoms has been selected as the site of the Logan Temple, and 
two lower benches are oocupied by the town of Logan. A glance at the 
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map will show tliuir arniiigenieiit better than any tlescriptioii. Tlio river lias 
develufMHl »o broiul a flood plain that half their inHtw hax disappeared, and 
th« duMovered nHnnaute are too jragmentary U> be readily oorrelated acron 
tlio iuterval No attempt haa bucti iiuido to rosture tlidr forma aud cora- 
|)ute their voliiiiies, hut it in evident by ius^ieetiou tliat tliey in(-1u<U^<l no 
rival of the {^reat delta alM>ve. Thfir iviiiiiants ilo not exeeeU in total hulk 
the ninss the river has du^ IVoiii the !ip|mr ten-aee. Tlicv can liitve no 
value as a basis for time ratios, because it is impossible to tell Imw muck 
Uioy owe to the reworking of the nuilerial of tlie hi<^her delta aiid how 
much to the annual tribute of gravel brotigfat by the river from the mount- 
aina; but tliey servo to diow, first, t!iat the Uke lingered by tlie way as it 
receded from tLc Pi»>vo shore, and seeond. that its linurntngs wei"e not lou"^. 

Tlie sntiic lin;i;i nti^'-s linv<> Irft record witliiii. the I'n^vo delta in the 
lonn ot .Htn ain ti irai t s, w liirli aimund near the iimutli of the canyon. Mr. 
llusiiell has recojjiiized ten inde])eudeut benches ou the north sidy of the 
stream, and three on tlie Houth. 

The view in FI. XXVII was sketdied from die wall of the Iformon 
temple standing on one of the lower teiraces. It exhttnts ^e IVovo delta, 
divided by the alluvial .valley and o\-erlooked liy tlie 1k>nneville shore 
ntnrk, wliidi happens to be strengthened immediately above tho delta by 
an aeiMiimilatinii <»f shore drift. 

The main <lelta, and pi-obahiy all below it, rest upon a sloping floor of 
lacustrine nmd and clay. The modem bed a{ the river rona below the 
bnses of die deltas and within the zone of these segments, but expueurea 
are rare, by reason of the tendency of the unoumented delta gravel to slide 
down and overphice it. The best i \Iiihition at tlie time of our examination 
was a/Tiinli'd by a fnsh (^xraviitiMn |..r an irrij^atlon eanal alonj,' the bluff 
north (if tlif river, ami was skctclu il li^* Mr. Un.s.sell. TIh> stnita show 
many undulations hcneatli the I'rovu delta, but ai"e relatively smooth Imj- 
yond its inaigin. Mr. Rumell Hii<;<,'estH that the disturbance of the strata 
may have been an incident of the building of the delta. At every stage of 
the work there was a diflerenee between the weights htxroB by the lake 
beds beneath the delta and by those beyond it, and tJie line of s^aration 
was sharply tlrawn at tlie edge of tlie deposit. The conditions were there- 
MOM I ^11 
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fort- fiivoruble for tlic <lt loiiiiati<ni (if tiie fruiihly depoflitod wjdiments by 
(litlc'iential prfs«uru, some of the Hofter layers beiug made to flow oat from 
benenth the gravel The difference m weight between the water on one 
ddo and the saturated gravel on the otlier amounted to seventy-five piumk 
to the square inch. Ah the delta was progressively increased by additioiu 
at the outer margin, the zone of uih'(|U!i1 prcssuiT wan citrrcspondintrly a«l- 
vanre*!, until tlie whoh' Hiihstructurr i)t the (Iclta ha<l Ititn subjected to the 
action and deformed as far as its con.stilution [K:nuiit(-<1. 




Flo. 27.— Pinijil ■> rtinn ot LVItaa at Uiina, Tuh. Ur I. C. Ka—M. TtTllral •rabi cTMtvr Ihaa barluMil*!. 



WhcrcYtT fill' IkmIv of thi' I'rovo ileh^i is fn'shly ex)>os«>tl, it displays 
an oblique huninution iiu-linin^ in the directi«>n of tlie Inkewurd inar^cin- 
The near the top of the deposit is 15 or 20 degrin^^s, and diminishes 
downward, the layers being disposed in sweeping, parallel curves. Only 
a nngle locality exhibited (1880) the neaily hori«mtaI beds which in a 
normal delta overlie the inclined — a point half a mile l)elow the canyon's 
month, when' the soutli l)lu(T of the river li:i<I freshly fallen down, ezpOMOg 
ninety feet nt the top of the face. The series consists of: 

fi. KiiiR Hariil, & (e«t. 

4. Grnvcl, horizoiitnlly UudSlltd, 10 IM> 

a. Kiri«> MUil, '25 frat. 

'1. A liDO of lunall bodlden, BMa sfcW Mriilo t<> No. t. 

I. Gnvel, cMnw and Ana iatcrnliiKlad; dipping; 15° towanl tbr SW. Kxpnncd M feot. 

othtr D.h..-<)f tlic other streams of ("ache Valley, as iiiaiiy as ei<rht built 
Pidsn deltas, aiid diu', Spriii;.'- Creek, jirobabh" I'oniied also a small Honiie- 
ville deltii. The Cub Creek aii<l High Creek deltas are small, and lie williiii 
the flaring mouths of the canyons. Smi^eld and Bellville Creeks heaped 
their tribute just outnde the canyons. Blacksmith and Muddy Forics de- 
bouched close together and built a cimfluent delta, larjrer perhaps than that 
of the Lofjaii, but less svinnietric. IMu; orijfinal or aiite-Hi>HUevilhi canyon 
of Hlacksiuitli Fork was so deeply cut tliat tlie niodeni stream has not yet 
removeil all the debris gathered during the lake period. The uiass of allu- 
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vitiin «torc«l in it at the Provo tipooli was {»T<*iit, and cntitrihtitcd to the 
t'orinatitin iit lowt-r levds of a iuw series of (U'ltas, on whifli stamK tlit! vHla}^ 
of li vrum. Spring Ci-eek issued from a canyon wliirli was never cut dowu 
to tlie Provo level, and the apex of 1t» Vrovo delta was qnite outitide the cau- 
ytm. 'File modem stream is a mere rivulet tJiat one may leap acrow; but 
ltd delta had a radius of tw(»-tliirds of a mile; The history of tlie Dear River 
dt'po«it» was not well nuule out. At tl»e canyou iin»utli the river Mn\\ flow* 
at a level a few feet hiuln-r tliaii Ijcnire tlic l.tke ]i(«ri(M!. and thnt l is f<tur 
hundred feet l>eh»w tiie hi}?i>est lake shore; hut tlie modern river (iiit>i(l( f!in 
can you is walled in by a greut deposit, chiefly of »und, through wliieii it has 
opened a passaga Tliere was clearly no Bonneville delta at tltis pomi 
The upp«> flur&oe of the sand is a sloping ptiun, joining the mountain near 
tlie canyon oidy fifty feet below the Bonneville shon-. riifui tunately the 
examination was made while snow Iny on the ground, and the structure of 
the de|M»sit could not h<- xcii. If it is a rh-lta it is prnlinlilv of rlie IVovo 
date, and its outer mniiriu must be in the vicinity «>f Battle ( let-k iJmtt-, tea 
miles away. Otherwise it must be regjirded as a hike sediment, wlueh owes 
its exceptionally gi eat volume to the proximity of a rihrtMuing river. In 
either case its source of material is the river drift; and in eitlier caee its ac- 
cumulation was probably oontempiniuieons with that of the depouts which 
filled Qentile Valley, a small opening among die mountains at the head of 
tlie canyon. 

< hitside of Cai lie Valley all the notalile «lelt!Ui except that of the Sevier 
Kiver lie ut the w«'steru hmv of tlie AVasatch Kange. Tliu moiit northerly 
is near Brigbam Cit) , on Box Elder Creek,' a stream rising in a small valley 
just east of the main axis of the range, and cutting across it lu the upper 
valley tiwre are remains of a detrital filling, which was probably coeval 
\> itli I>ake Bonneville, although not in visible cxmtinuity with delta forma- 
tions. Tin- canyon tliroiiL:h tlic mountain has been swe])t clean of debri.s, 
except at the lH»ttoni: and at its moutli tlum; is a small composite delta, of 
wlucU the highest eleujeut luus the l*ix>vo height. 

The history of Ogden River is nearly Ibe same, but its features are on 
a kiger scale. Tlie upper valley contained so large a bay that a discernible 
shore-line was carved therein and it is jHrobable that some of its sloping ter- 

' Not to be eonrouudcd with tkm Has KMwCimIi of Tooah Valkiy, iMatteiiid tn onuMotiMk with 
the Qnutarillo eaitMukaiBOta. 
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ra<'»*H aro n-nmnnts of I^riDnevillr (Itlt.is*. ']lw fall of the lako draiiref! tlio 
upper valley and led to tlic hdikiiup i>t a lin>a<l ilt lta ju.st outHiih* the hhkijIi 
of the cauyouj but this deltn is uxcti|itiuual Ut the geuural rulu iu tliut it u 
wnnewhat below dio Provo homon. On tlie {Hmn beyond tt a meri&n of toiv 
races were afterward* formed umflar to those at Logno. The city of Ogdon 
standi ai the end of tlio series, aiid Us suburbe encroach on some of the 
lower bendieM. 

Clow? to th« Ofj^Icn (Irltas !i<» thnsc of tlif Wt>b«'r, less HVinnK^tri*: but 
far mure massive, 'i'liev extend from four to six tnilrs in all liii i'ctions from 
the mouth of the cauyoii. The channel cut tlu-ough tliem by tlio modem 
river is seven! hundred feet deep, and Is exceptionally indirect, curving 
through the fourth part of a drde. The broad flood plain within it supports 
tfiroe agricultural hamlets, and is travevsed by the Union Pacific Railway. 
The westward-bound passenger issuing from the rock'bound defile of the 
Wasatch at T'itita Station finds himself enclosed bv w;d!« of delta sand, and 
does ut»t fully i im rge from the lowest terraces until he reaches Ogden Sta- 
tion, a ride ot eight luiles. Tlie greater portiou of the structure lies on the 
left or south bank of the river and is locally known as the Sand Itidge. It 
is the largest of all the deltas of the andent lake bnilt upon an open jdain, 
but, owing to the lightness of its material, the details of its fonn are imper- 
fectly preserved. Portions of the interior of the mass appeiir to be gntvelly, 

but the up]>er parts are cliicfly composed of sanil, so fine as to 1)g moved 
by the wind. Tlw principal turrace is at the l'ru\ ci level, and upon this 
thei-e stands a hill more than 200 feet high, whicii may possibly Iw the 
remnant of a more ancient and mm kfty delta, but is probably a dune 
aooumulated during the Ptovo epocL The lower terraces, marking the re- 
cession of the water, were built oo ^ north side. The eoutli iaoo of the 
Provo delta has been superficially modified by subsequent wave action. 

City freck, (he stream snj^plyln;; Salt Lake City with water, rises in 
the Wasatch Kan^j-e and Hows tlirniigh a lon^ ranyon licfnro enicrfring on 
the plain. This canyon was capable of storing a large amount of aliuviuin; 
and it is probably due to this hmt that the Provo delta b smaller than those 
at lower levela The gioap of deltas constitute hetuh." on both sides 
of the creek, and are composed of coarse, well rounded gravel. While diey 
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were forming, a largo amount of slune diilt Kffms t-i li;ivf rcnclu il tlio lo- 
cality from Uio southeiwt, and this niodifieJ the resulting' Uipoj^inphic funnn. 
Tho cottfigunition of the bench owes nearly as much to the action of wavea 
as to the deposition of stream diift. 

The deltas fomifd by Little Cottonwood and Hi}^ Cottonwood Oreeka 
coalpH( < (l with cuf h other, and jtrobubly with one from the Dry Cotton- 
worxl; liut tlicir iiutliiip.tarp prrenfly obscured by subsequent HtreaiQ eroaion^ 
and they iiavu l)ecu iurtiier nn»ilitied l»y a system of faults. 

Following the base of tlie Waaatcli soutliwanl, the next delta i-eached 
ia that of Aradrican Fork, already described. Beyond it, is the ddta of tlie 
Fh>vo River, a broad low terrace gravel ajweading fan-wiae from the 
mouth of the FTovo canymi. Tlu- nulins of the fan is about 4^ miles, and 
tlie terrace has a marginal height of 70 feet. It is skiili <l rather than di- 
vided by the niodern river, whieh turns abruptly southwanl from the mouth 
of it» cauiyon. Lower deltiw were only obscurely differentiated, but the 
form of the lake shore indicates that the river is now constructing one. 
Hie wagon road from Prove to Pleasant Grove crosses the main delta; the 
railroads pass around it 

Near Provo City a small stream name«l Kock Crook issues from a shcMrt; 
steep < iinyon in the mountain. It built a small delta during the Bonneville 
«>j»oeli, nritl mmtlicr- diTriTTtf the I'nivo; iuu\ these wftulfl nflord nn instructive 
studv ill eiu-oit«tl»»gv were it not lor the injury they have sutlered from the 
recent faulting. Hobble (Jreek, which irrignten the farmn of Springville, 
built n woU-nmrkotl dulta at the Provo level, and probably a small one at 
tlie Binmeville. The suhaoriat alluvium here rests so high against the 
mountain tluit it constituted the coast at the Provo stage, and the T'ldvo 
delta roata against it. Five miles southward S|)anish Fork issues from the 
range, with a uni-thAvcsterlv course. In the Bonneville hike it built a delta 
witli a radius ol 4,0<iiO feet, and in the Provo lake a larg»'r delta coalescing 
with that of Hobble Creek. At Payson a snuill creek formed a delta ut the 
Provo level. Salt Creek, the next stream issuing from the range, reached 
the ancient lake only after flowing for some dlstanoo across the plain. Ita 
highest delta a|>i>ears to be one at the IVovo liorison, and lies at the soutih 
end of Qoelien Valley. 
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obsen'ed. A small one lies in an ojwn cjinyon back <»t the town <»t l*»>rt- 
agc, iu Halade Valley. A larger was probably formed by Beaver Creek 
at tbe FroTo level near Oeoige's Ranch; but H is difficult in till* case to 
distinguiah stream drift from shore drUt 

Tlie flf'ltas of the Sevier Rivor are more important At the Bonneville 
epoch alluvial terraces were built where the river ftitfr^ Juab Valley, but 
the tn[MiLTnjihv did not jiennit tho formntitm of a broad fan. At the IVovo 
epoch a broad, low delta fun was built b}' tho river ou the phiiu between 
Leuiiu^ou and Deseret 

soiMiy^The contribationB made by the phenomemi of the deltas to the 
history of the oBcillatioiis of tiie lake may be sttmraAiiiad as follows: 

First, the Bonneville shore-line antedates the Provo. 

Sec<»nd, tlic r*n>v(» epoch was sevend times lonp'cr than the lioune\nllo. 

Tliiiil, in falling; from the Bonueville nhora to the Provo the water liu- 
geretl very little, if tit all. 

Fourth, in &11iDg from the Fhivo level to the bottom of the beinn the 
water occanonally lingered, but its lingerings were brief as compared to 
the halt at the Fh>vo level. 

Fifth, the water lin^'re*! during its a<lvance antecedent to the Bonne* 
villo epoch, not standing long at one level, but oscillating up and 
down. 

A coitain signilicance attachej* likewise to the idjsence i»f deltas from 
the greater jwrtiw of die coast of Ihe old lake. All of tlie olil deltas are 
associated with modem streams; and all the modem streams of importanee 
built deltas. It would appear, then, that tho ancient climate did not create 
important streams in regions where the outflow in now small. In the west- 
ern jiorfiini (tf tile ba.sin, there are catchment districts of cf>nsidend)le e.xtent 
^vliicli timii<li little <ir no wafer to the lowlands by reason of the scjiiitincss 
of rainfall. If the niinfall iu liouueville times wiw very gR*at, )is comjKired 
to tlie modem, these catchment districts should luive fiimished tributary 
streams; and such streams, flowing over tracts of alluvium, the accumulation 
of Bges, should have transported large quantities oi it to the mofgin of the 
lake and constructed deltas of it We seem thus to have an intimation that 
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tho climatic cliaiiffe, wliatever its nature, did not ati'ect tlie rainfall iu a de- 
gree commensurate with the diifercucc iu area of lake stuface. 

TDVA. 

Calcareous tufa was deposited by niniu- and perhaps all of the Pleis- 
tocene lakes. In I-^kc Lahontan jijkI tlir other lakes of the western portion 
of tlie Great Basin, great masses wi-re accumulated, and their studv has 
resulted iu an impoitivut couUibutiou to the Pleistocene history. In Lake 
Bonneville very little tufii was fonned, and its bearing ui>ou die history of 
the lake seems to be unimportant. It is asBodated exclusively iritb the 
shores; and its amount imlividnal shore-lines Is in a general way pm- 
portional to the magnitude of the other slutre features. At least this rule 
n]i]ili« s to the H^uineville, Intermeiliatf, .uul Pmvf* ^hdrc-liiies. The Provo 
(^ut ries most of all; the Bouueville and Intermediate have an eij^uable dia- 
tributiou. 

Next to tlie Provo the Stanabury is most generously supplied; but tltis 
shore is not cliaittcterised by embankments and cliffii of great magnituda 
Tlie extent of the lake was so greatly reduced at this stagi:? that the |Hiwer 
t»f the waves wa.s materially lessened; and it is perhaps legitimate to infer 
that t!i(» tufa n^-onls a protracted lingering of the fiUHng water whicll does 
not find iuh'(juate expression in other slunxj featmx's. 

In endiankmeiits the jwsition occupied by the tufa is on the weather 
face a few feet lower than the crest It lies just beneath the surface, and 
lias the function of a cement, Imiding tlie gravel togedxn* into a conglomerate. 

Tli<^ association is for from b(>ing invariable; and indeed the majcwity of the 
cmbanknu^nts are uncemente<l. In regions «»r ex<'avation the tufa occurs 
just oiitsi(l<' the edge of the cut-teiTace, c<)ating f1io lower shtpf for n space 
' of 20 <»r ilU feet. Its zone of ma.xiniuiii depoi«ition was probably from 10 
to 20 feet beneath tho water surfacei. 

Where tlie deposit is thin, it oonisists merely of a unifonn film, but 
wherever it acquires a thickness of an inch or more, there is manifiested a 
tendency to asstunu dendroid forms. These hit not uniform in diameter, 
but generally consist of branching stems, an eiglith or a fourth of an inch 
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in diameter, frequently dividing and iiffiiin joiiiinj?, ko as to constitute a 
reticulated JuasH in wliicli the interspiu-es are uot lai-yx;. 

Th« ooinpoflition ia ahowi^ by the following oDalysis, copied from the 
nport of tlio Fortieth Parallel Survey, Vol 1, page 502: 
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On pages 495 and 496 of ike same volume, the microscopic characters 
of the tnfa are deacribed by King. 

The distnbtttion of the tufa along each shore is independent of the 
nature of the i«u1>j»cent temme. The heaviest observed deposita are upon 

quartzitc nnd gi-anite at a eonsiderahle distanci' from cidrnroniis r»wks. 'ITio 
most nuispicunnM arcumulafions are upon rock in iiiacc, Imt this diircrcnce 
probably depends upon tlie fact that depositx u|k»ii iinconKolidated material 
are largel)- iutoratiliaL A more inqportant peeuliarity of the diata^bution it 
its relation to wave action. No deiKMit is found in sheltered bays; ifnd on 
tlie open toast those points least protected from the fury of the waves seem 
to liave received the niost jrenemuH eoatintf. Tliese characters indicate, first, 
tliat fho matr'rial flid riot hav(» a loral orijriji af tlie slioic luit \\as (h'fivcfl 
from tlic iionnal lak('-\\ at*T; «econd, tliat tln' stijt alVunhHl a dt tcriinniii;.'' 
couditioa iif ilt iHisitinii. It will appear in u laler cha]>ter that falcaicnii.s 

' T'"' at\:>]\ ii.t ]■. lii u<l>'.l " Tliiiinlilv i p..!' mill ( I.iiwite) " — prolmldj itirini^li inmlvi-rliuii o, for 
till- rrrVri'Di'r (n thi> an;i!v>iH in t In' tr'x I i fi. lnri) nmh ( hr ili'v liquation tnfa only ; nml t hr tlieni v ill rejtani 
tn tlia nrigin of the hahontan liif» which in enilHiiliol in llic tenn "pwMMlo G«]r-Lumrt4-," nppon fltm 
tlw gontnit mtt to tow bara DpplM to tb» BoDneTUI* barfn. 



Digitized by Gopgle 



/ 



v. 

TUFA. 

matter constitntos an important part of the fine sediment of the lake bottom* 
and that this waa chiefly or wholly predpttated ham. solution. It not 
easy to see why ilm deposition should consist of jdisri* tc jtarticles In the 
open lake and be wc-lded into a continuous mass ujMjn the shore; but a par- 
tial ex]>lanation a]>])ears to he affortled by the hypothesis that the sfpnnition 
was proniot<>tI by the aeration of the water." All precipitation \>ciug initiated 
at the surtacu duriug storms, coalescence at the sliore may Itave resulted 
from contact at the instant of separation. The suggestion finds a certain 
amount of support in the purt played by nuclei as deteinunants of precipi* 
tation. 

Tlie thickest deposit nnywhero obscrA'etl is on the outer verge of the 
I'rovo temico at the north e nd fif Keservoir Bulle, where tliere is a niaxi- 
nium of four feet. 'I'he tufa tlitue coats a kiH»b of solid ijuarUite so situated 
that while it waa fully exiwsed to the surf, whatever tlie directiou of the 
wind, it was exempt from attndc by shore drift. The locality is exceptional; 
in most places where the tufa is so abundant as readily to attract attention, 
Its depth is measured by inches. 

An allied deposit may 1m» mentioned in this connection, namely, oolitic 
aand This was first observeil on the T?onnevillo «hnr»'s by Miss Susan 
Coolidge, of (jirantsville, Utah, anil was afterward found by Messi-s. W. J. 
McGee and George M. Wright on several shore terraces at the north end of 
the Oquirrh Range. It is now forming in Great Salt Lake along the coast 
between the delta of the Jordan and Bkek Rock, where it constitutes the 
material of a beach, and 18 di-ift(-d shoreward in dunes. Uke tlio tufa, it is 
exclusivf'ly n shfvre fonnation, but the <'ir<'um»tances connected with its 
occuiTcnce on llie nuidi'm sljores of fJn^nt Ralf T.nkc ntid l'\ r.iiiiid L;tke 
warrant the suspicion that it is nt»t e<]uaily independent of im-ai sources of 
Hupply. The locality mentioned on the shore of Great Salt Lake is near 
the mouth of a stresm whose annual tribute of carbonate of lime can not 
be Kniall, and the only known locality on Pyramid Lake is associated with • 
hot calcareous springs. 

The liip-liest of the shore-lines preserved on the slopes of the basin, 
namely, the liouueville shore-lino, has au altitude of 1,000 feet above Great 
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Bah Lake. By reason of ita position at the top of the series, it is the most 
conipicoouB of all; but lh» one most deeply carved ib the Fh>vo, 375 feet 
lower. Between the Bonneville and Provo are tlM Intermediate shore^ 
lines, duinuiteriied by embankments of great size, but without correctpond- 
infrly great Hca-cliffs and terraces. Below tJie Provo the «1oih;s exhibit lake 
sediments, with orensinnal shore-linee eaperpofled. Of these latter the Stans- 
bury is the moat proininent 

Tlie area of the lake at the liouneville stage was 19,750 s(|uare mile!«; 
at the Provo stage, about 13,000 square milee; at the Stansbury stage, about 
7,000 square miles. 

Tlie order of sequenee of the shores to which names have been givw 
is: first, Intennediute; sefoiid, lioiUH villc; third, Provo; fourth, Stansbury. 
During the period of the formntinn of tlic Intennediate embankments, there 
were uo persistent water stages; l)ut the water surfaee o.srillated up and 
down. The last additions to the embankments were made during a gen- 
enU advance of the water. The oscillation of ib» water nirfkoe continued 
through the Bonneville epoch, the Bonneville shore representing the com- 
bined results of wave action at a series of water levels tiaving a vortical 
range of 20 feet. The last stage of this series was the highest, and inuue* 
difitely afterward the surface frll rapidly to the Provn horizon, where it 
remained a long time. Tlu' water marprin afterwarii recetled from the 
Provo shore to its present positioa, baking occasioiuxUy by the way, and 
longest at the Stansbuty shore. 
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THE OUTLET. 

Thirteen j«an ago I hud the temerity to j)rcdict,' dm, that the position 
of the Bonneville shore-line would eventually he ehown to have heen deter- 
mined by an nvoi-flow of the lake, and soeond, tliat the Provo ahora-lino 
would be found t(» liave been similarly detertniiu'd. The first of these pre- 
dirtions has Itcfn M'rifipd in itt* U'ttcr, lint Tiot in its s]»irit; the second luis 
proved to liavy lull warrant. My aiitieijKitidii wa« huw d on the followinjj 
cousideration: A lake without overtiow lia.s its extent determined by the 
ratio of preeipitataon to evaporation within its basin; and since this ratio is 
inconstant; fluctuating from year to year and from decade to decade, it is 
highly improbable that the water level will remain constant long enough to 
p4>rniit its waves to earve a deej) record. I failed to take- accoimt f»f tlie 
ttu't tlnit the hifflK'st shnrc-mark of the series is ron'ij>!cuons Tn- n n<oii of 
the eontnust tiiere exliilated lietween land scnl|>ture and lill»>ial hculplure. 
We now know tliat the height of the Bonneville shore-line was determined 
in a certain sense by overflow, since a discharge limited tlie rise of the 
water; but the carving of the sliore was essentially completed before the 
iliacharge; and as soon as that beigan, the water level fell. At the I'rovo 
horizon, (in tlie contraf}', a constant or nearly constant water-level was 
raaintaiiM'd 1>\ disrlinrf^'p for a very \nnfi; time. 

'I'lu^ outlet of a lake is necessiirilv across tlie lowest point dl tlic rim of 
ita baiiin; and it CMsentliil that tliis point be somewhat lower than the 
water level of tlie lake. The search for an outlet to Lake Bonneville was 
tlierefore a search for a pass in the rim of the basin lower than the neigh- 

• Bxpl, Wm( or ttm tooth llwr., vol. 3, pp. SO^ St 
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boruig shore-liucM. It is equally neceMtary tluit the baMiri on the opponite 
Bide of die paes be corapetout to receive the di^unged w»t«r. It must 
either dnun to the ocean or else be sufficiently large and eufficiently arid to 
diipoee of the affluent water by evaporation. The conditions of outlet 

luiviiig het'ii satisfied, ami a «Hschnr}2;(! Imving' 1v i | rrMlnopd, it is ctiiially 
fviilcut that the process of tliat (list-liarfrti would iinMlifv tlic to]»riirniiiliv in 
a ])<■( uliar manner. A eliantifl xvouM Im« pnHluccil at llic |i;iss, imd tins 
would desceud in one direi'tion only, iu sides and lM)ttinn nu'rjpng ut the 
pass into othw t< >pograpliic foitwea. Thd site of the ancient outlrt iii Lake 
Bonneville should ther^ore exhibit a channel, the bed of which b lower 
than the oontiguoua shore-line, and die descent of which is toward some 
bashi con)|ietent to receive and dispose of tlie watei . 

Tt is qnito ronrcivahlo tli;it a basin like tlic lionnevillc, known t<i be 
flubject to (It'tomiation throii<,rli livpn«feiic a-rciicies, should disclnir;j;;e its 
surplus water at oue time over one pass and afterward over another; and 
this possibility was one of the oonmderations leading to an exanunation of 
its entire coast line. By that examination it was ascertained that all the 
lower passes of the luiflin's rim are at the north» separating the basin from the 
drainage system of the Colombia River. Hiese passes were systematically 
visitt d b\ rotnpctcMt nbscrvers; and it was ascertained that tlie Uoniievtlle 
waters ilisriiaf;r<'<l at iiiic puiut mily. 

'ilie trend of tlie mountain ranges in that rugi»»n is generally nuUli and 
sontiiand the passes are simply culminating i»oiiits in the intervening valleyM. 
As a rule they are not mcky, but consist of alluvium, the profiles of which 
rise gently toward die mountains on either side. South of each such para 
tlie minor dnunage lines from each mountain unite and product' a main 
drainage chminel descfMuliii^r toward the basin of fJreat Salt I^ike. At the 
noilh a similar conHueuce pnidiu es a dnunage chainiel descending lowanl 
the tributjiries of the C«>lundna. On t)ie pa^s the alluvial profiles from the 
monntains unite with gentle curvature; and there is no channel of dnunage. 

Tt is a curious fact tluit in a region characterised by great reliefs of sur- 
face, a number of passes were so nearly at the same level tliat n diiioronci^ 
of only a few feet detennined the actual point «>f dis<-harge. Tlie water of 
the lake rose witluu 75 feet of the pass nortJi of Kelton, where die IkiistS 
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Ktagv-roiul croMWM fnmi tla- Salt Lake basin t<i the lieud-watfrs of Baft Kiver; 
iiinl it ros4> witliiii IDO feet aud 200 foot, ro»pootively, of tlw piwMS north of 
Sin»\v>vill(j and Cm lew. 

IM ita* fcM.-TIwj ucliuil point of disi hargi! wan at tin- n»»rt)i end of Cacho 
Valivy, at a iKiint knofrn as IW liuek I^wh; tlie outflow in<^ rivor eutered 
Manili Crcttk valloyf luul being diere joiiKNl by tiio Portneuf, flowod tliroufrli 
INirtiiouf Pass to tlut valley of the Snake Kiver. Tlio first KUffffestion of 
its jw>sition \va.s by liradhn', who erossed the old channel some niih'H below 
the pass in 1X72; and it wax independently denionntrnted by Mr. Oilbcrt 
ThoinpMin and by thu writur, who separately vii»ittid tho locality suniu yeai-s 
hiter.' 

The iiM«ut to Red Rock Pan from Cache Valley is so gentle as to be 
scarcely noticeable, and die descent on tbe ofiiNwite «ide, wliile percejttible 
to the eye, afioida an eavy grade to the Utah tuid Northern Ifailroad. A 

few miles we-<t of the pass, then* rises a lofty mountain ridge i*epan»ting 
Cache \ ami Maixh Valley from Malade Valley. On the en><-t are 

hiwer mountains, st^purutijig Cacho Valley and Marsli Valley from Gentile 
Valley and Basalt Valley. From the haae of the raiigto on eitlier side, aii 
alluvial alope desoends to tbe pass, but this is not continnouB. Knobe. of 
indtirated roek, eimibur to tboee constitating the mountain, project through 
it, testifying to the existeuce a Bhort distance Ixaieath the atluvium of arocky 
spur roHtiectin<; the tw*» ranges. At a few points there are exposuix's of 
le«s iitfhirated rocks, snpposcHl to be of Tertiary age, but thetic furiti no hills 
by themselves, being burietl under the sdluviuiu except where laid bare by 
recent erosion. The alluvium is further interrupted h^' tlie chaiuiel of tlio 
ancient outlet, winch is one of the most notable features of the landticape. 
It liaa boon excavated to a depth of several hundredTfeet, and has a gen«al 

t]t wan niaiiilaiiml liy IVnlu tliut tlie iirl)(lMal iHiiiit uf dlix.-bur);v huh ut Pnrtiirnf Paw imlMdaf 
lU-tt Hwk I'lwn; aud tb« diauumiuu uf tkia viow ipiva tu tlio Bubject »f tbe outlvt and iln diwovcr^' • 
uiuDi vuluiuiuous lilvratnro tb»n |t«rli»p« it d e W Pf rt. Tbn wriu-r'a lUtm iit fruni tValt<'a detoriuiuation 
huaalRMly b»uit mcorded iu disca«iiui; Ibe Nopremacy <>f ibv BoDiiuvills aUureUiif. (p. iU), liradtrra 
Wliacan to puraiie tbe Bbbjwt furtb<-r will liud lh« ful lowing n-rnrctioca naofal:— <i. K. Oilb«rf. |« flnr. 
Wft WMt of til* UKMh MtridiM, vol. 3^ Ooolonr, p. 91 ; E. B. Howoll, Mmi. p. »l ; F. H. Bndlloy, 
<1mI, Borvey of TUr., Ann Ropt. Ibr tm, pp. 4N, W| mihm, Boll. Phil. So*, WMblogton, vol. 9; 
p. lU: A. C. IVoIr, OmI. 8nmy of Tina.i Ann. MtpL for W7, pp. m, fltf: Am. Jonr. M., id miIc^ 

IS, 1«7X, p. CS; OillMit, iiigm. M 6miM, v«l. ISh MOt), p. USS; PmIp, idrm. vol. 1S| UM, p. 49) 
Oilbrrt, idtm. vol. IS, IWO^ ^ Stf i tJM. WiUud Vma/t, 8urvv> Wool lOtth llaridlnn. An. Bopti, 

Ariera^p. W. 
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width of about onti-tliird of u mile. Five lonall stroams How fi-om tim 
mounta^ to ^ andmt duumel, and eftcli of dieM has canr«d a deep 
tjiencli in the alluviaiHt caating^ the eroded material into the ehanneL The 
greatest of die streams is Harab Creek, debouching at Hunfa Ranch; and its 
freshly fonned deporit nccupies the old cliaimcl for a distance of iieAirly three 
inil( >. T}trp(» or four mili s f;:rtlier snufli Five Acre Creek makes a similar 
trilditc, lilliiig the old cIkuiiu I u itli alluvium fur the 8j»are of a mile; and 
the same thing is rupeuted on a smaller »cale by Stockton Creek, two miles 
§Miiter sottih. Hie aDirrial fim built by Mardi Greek h a km feet Ingher 
than the others, so that die actnal water parting is at Hnnt^a Banch. 

Between the Marsh Creek and Five-Acre Creek alluvia^ the old chan- 
nel is occupied by a marsh three miles in length with an average width of 
twelve hundred feet; and within this there is a small jKitid. HctwccTi tlie 
alluvia of Five-Acre Creek and Stm ktmi Creek there is a lai-ircr pmui, known 
as Swan Lake. These marshes and ponds, whenever they accumulate water 
enough to overflow, drain aonthward to Cache Valley; and all the streama 
of the paae except Manb Credc are tributary to them. Harrii Greek turns 
abruptly north on entering the channel and flows towurd Marsh Valley. Its 
volume is so small that dnriiii^ tho dry seafton it does not maintain a super- 
ficial flow thrrni^h the valky, but repeatedly sinks beneath the surface and 
reappears heUnv in s]irin^rs. 

The knobs of imlurated rock, which in the iimiiediate viiiiuty t»f the 
paas consist of arenaceoua Ibneetone, bodi adjoin and intwrnpt die chan- 
nel. ° Nmr Hunf a Ranch there are two buttes, each several hundred feet in 
hei};ht, overlooking the channel from oppcwite sides, and Iwtween them are 
a nundjer of low reefs projecting through the flood-plain (»f JIarsh Creek 
Cotistrirtod by these reefs, the channel has a minimum superficial widtii of 
only tiOO feet. 

The relations of these various features will be better understood by 
reference to the map in PI. XXVIII. 

The Bonneville shore-line is traceable continuoualy about Cache Valley 
to the vicinity of thi |t;is^i. On the east side its mo.st northerly vestige is 
upon a butte a mile south of Hunt's Rjuich. On the west side it is lost on 
the alluvial slope two miles from Hunt's Hanch. Its height above the marsh 
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b^«r«en Marah and Fiv«-Acre crBelcB is 840 feat. Tlie nearost point at 
wliicli the Plvvo Hltoro-line was olwerved in about dght miley ferUier south, 
ui the vidnity of the town of Oxford. 

IhxTnh Creek i8.<«iK>s fmni its <.->inyoii in the inoiititams about two and 
ono-lialf miles onst of tlii i>M (■liiuiin l. Tlu< iiitcrvi'niiijr spju-c ii* nccupied 
l)V !i slopiti;,'- alliivial ](l;iin tri iiiinatiiifjf in a liiulV. It is cvicU'tit tliat this is 
an alluvial tan or ulluvial conn constructed by the ci-cck before the exca- 
vation of the Boimeville outlet It was afterward partially eroded by tlie 
outflowing river, and also 1^ Harsh Creek, which has excavated a passige 
several hundred ieet in depth. 

Whf^ro this old alluvial plain a|)|)roache8 narart to the lionnevilte 
clmnnd, its edjL,'e is fifty feet liii^her than tlio nearest terrace of the Bonne- 
ville shorts and a restoration of its profile indicates that it coalesced with 
slopes from the opposite mountain range at about the level of the Bonne- 
ville sbore. A careful study of the ground has satisfied the writw that tlu» 
base or outer margin of the alluvial cone was part of the and^it water- 
part■)l^^ and wan the point at whijdi die outflow was initiated. 

The fact that the Bonneville water discharfred at first over a barrier of 
alluvinni instead of solid rock had mnch to do with tlio snbser|uent history 
of the lake. L ncemented alluvium is easily and raj)idly toni up and re- 
moved, and as soon as a current began to How Across the dinde, it must 
have c<Mnnienced the excavation of a channel. As the channel iucreased, 
the volume of the escaping water became greater, and this increase of vol- 
ume rciK fed on the power of erosion. In a short time a mighty river was 
formed, and the lowering of tlie lake surface resulted. Ft»r a time the out- 
])ourinff was a veritablt* dt-bilole, rtiid it cimM not Ikuc jisstuticd th*- phuse 
of an oiilinary river (•oinnieiisurate witli liie iutlow of tlie lake until the allu- 
vial barrier was completely demolished and the resistance of the lime^Jtoue 
reef was called into play. When the eorrasion of the diannel had proceeded, 
so fiir as to give the river a bed of limestone, the process of excavation was 
changed from the mere transportation of loose detritus t<i tlir i nmisiKii of 
eolid rock, and the rate of t'Xcaiation was gn-atly duuinished. We have 
here the « \|iIriiinttr.Ti »f the nijiidity of the final receiisiou of the lake from 
the Bonneville level to the iVovo. 
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Hwab vanw-Marsh Valley, like Cache Valley, is euclo&ed between mount- 
ain rang6M, and ha« a nortli and aouth trend. ItH iMigth is about tliirty-five 
imlea, aud its greatest widdi is e^t or ten miles. TWenty nulea fruin Itod 

Uwk Pass, the I'nrtneuf River breaks tliruu;j;-li the eastern uuiiiiif;iiii cliain 
and I'liti'i-H the valley, turning iiorthwunl aiul running parallel with Jfai-sli 
('m'k to till- « of the vnllcv. TIk ix) it receives thv creek and then turns 
abrtiptiy westward aud escapes Iroin the vjdley thn>u<rh ii ileep hut <»j»eli 
Ciluyou. lliu upper cauyuu uf tlic Purtueui' \ih» at ituiuu time adjuitted lava 
a» well aa vtater. A sucoeMion of basaltic coulees have poured through it 
into Marsh VaUey and have followed the slope of the valley to tlie lower 
canyon. The Portneuf River follows the western marj^in of the lava heds, 
and Marsh Creek the eastern, earh oeeuj)ying^ a narrow valley sunk from :}0 
to loo feet helow the levpl of the lava table. A rmiiparisoii of these val- 
leys illustrates the disparity between Marsh Creek and its eiiaunel. I'ort- 
neuf River u eovorol times larger than Marsh Creek; but thu iimuedi4ito 
valley by which it is contained is smaller. Indeed, there is evay evidence 
that the valley of Marsh Credt, having been formed by the ancient Bonne- 
ville river, is now in process ( >f filling. It abounds in meadows and marshes, 
and at one point contains a lakelet 

The Rivrr.-It fippoiirs, howcver, that the Honneville jnver was not coti- 
tainerl «lurinjf its entim existence iu the channel now oe<-uj»ied iiy Marsh 
Creek. The whole upi>er surface of the lava tongue, where it ha« a width 
of more tlian a roile, is fluted and polished, and pitted with pot-holes after 
die maimer of a river bed; and there seems no escape from the conduHion 
that it was swept by a broad and rapid cum^nt. The trenches at the nidt! 
of the hiva tiiay or may not then have existed; btif even if tlit \' did not, 
wi! liave to contem]>l;i{f>, as the agent of corrasion, a ri\er coinparat»ie with 
Niagara. Indeed it is even potwible that Niii^ura might HuSer by com- 
parison. 

Lot us assume tluii at the time die Bonneville river traversed tlie lava- 
bed the lower channel at the side had not been eroded; and let us further 
assume that its width was somewhat less than tliat of the lava, — my one 
mile. When the riv«'r oame into Ix-ing, the total descent of its bed, from 
one end of Marah Valley to the other, wan at the rate of IS Icet to tlie mile. 
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In tlio hiHt sta},'eK (if its (^xistoure its sn frafff p"nulc in t?io sniw space was 7 
tt't't to the mile. At all stajjes tlie ilci-livity was jjfiTatcr near the pasb ttian 
ill the lower eud of Mamh Valley. I^et uk tuHtume tliat the slope of the 
welter Kuriaue in floViriti{r over the lava wan 2^ foot to tlio mile, or one foot 
in 2f(NM). If now we luwuiuo in additioit tliAt the cliM;luii|;^ oi|ua1ecl tlmt of 
the N>ia<;am Hivcr, we have all the ilata iieceitsary for ctmiputin^ the meaii 
iK'|»th; .'HkI wc (tlitain i"i>r that ilepfli !< fct-f. T<» iHw who ^taiul.s iqioii the 
lava Im-W .iml notes the seali? of the rarviii^fx which orii.'ni»-Ttf its siiri;ift', 
this tleterritinatioii apijeiu-is far t»M» MiiuU. Twenty li t t would lietter ae« or(l 
with the phenomena, mid twenty foet woultt diiichai^'t- tlie flood volume of 
the MiflsourL 

Anotlior eviflenco of the ningnitade of tlio outflow in found at the imihk. 

West of till- >\\itinp there U> an irrefjnlar t»'rrare, extcndin}; from Swan I^aIcc 
t<» He«l Itoek, tin ii]>]M'r surfare of wliieh is eornijf.iti <l witli parallel fuiTows 
and ritl};e.s tix-ndiuff in tlif •i-cncral dire<'tion of the current. Tln'se eonsist 
piirtly of liniL*stone tnii^s and jtartly of alluvium. C'om])arin;jt tliem with 
«unilar flutin;,'s in otlior «tro)Un bodis tlicy appear to bo explicable only as 
details of channeKbottom wrought by a torrent of great volume. 

How lonp tlte dt«chat|^ng river maintained itti ouloMm] dimennioiu) can 
not be learneil, hut the period eertainly was n<it <;:r«>at. The etitire prism of 
water between tin? Hoiuievillc and I'rovo ]il;nu s ^vottld In- dix hiu ^cij h\- 
the Nin^nim ehannel in lo-. than 2't vtai-s; iui<l it ilic Ki>nneviHe river 
H'aeiied a greater size, it eould liave maintained it only U>v a shorter time. 

It is evident tluit the cluumel at the iwan has been jtartly filled since 
the desiccation of itv river; hut tlio precim amount of filling i» not m evi- 
dent. A erudo estimate was bsiscd u)ion the eonfi<>:urntion of <-ertain suuiU 
drainage lines tributary to it. lii-fore the fillin}^ iK -iin, tlii-st; dnunajre linen 
(as, for example, that of (»»K(seberry ('ntk; si i' I'l XWIII) found their 
ba.se of erosion in tlic nisiiti channel, and adju.sied llteir juntilcs thcn'to. 
As tlie filling uf tlie c hauiu-l pntjfi-essed they weiX' likewi.se partially hlied 
near their mouths; and a study of their oonfiguratiuu yields a crude esti- 
mate of the amount of deposition. It is judged to he about thirty feet; 
and if this estimate is eorreet, the bottom of the ehatniel M 370 feet lower 
than the Bonneville shore. Tliis is apjwoximately equal to the difierenoe in 

UOH I — 12 
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level ot tUa lioimevillti and I'rovo shores and it serves to coimoet the tenti- 
moiiy of the outlet with that of the shore-line^. 

ft is noi may to eHtimat^ tlie crow wction of tlie cliaim«l of otitflow at 
any stage of its existence. Undoubtedly it was broader and deeper while 
its walls and bed consisted of iilluviuiu than afterward when solid roek was 
reached. Tlu- troiijrli nt>w oceuiiied by the marshes and Swan l>iike probu- 
blv repiX'sents its widtli nft<'r rapid eorrasion hri(] cfiisc^l and before the linul 
desiccation of the lake was beg^un; but this is a mere surmise. We need not 
doubt that it had a greater width at an earlier etage and a less widtii at * 
later. 

As the degradation of die diannel proceeded* tlie powtion of its b»wl 

wius e«>ntiuually tmnsferml southwaixl. The diseharfje wiw initiated on tlie 
Marsh Creek alluvial fan two miles north of IIiiiil's l^uirh; but durin<f its 
tinal stHfTcs t]u- outfli>witt;4- ri\i'i- liciidcd scvi ii miles farther soutli. K'tween 
Swan Lake and the iiound N'alley marsli. Wlieu the outflow eesised, the 
water parting between die BonneiHIle and Snake BJvcr basins was at tliis 
latter point, Gooseberry and Five Acre creeks being tributary ta tlie Snake 
River. In the course of time, however, the alluvium deposited by Marnit 
Creek effectually dainnied their channel ami turned their dminap;e south- 
w;inl Marsli Creek itself iimst n<trmally alteniatt in its uffiliation. As its 
allii\ii<l tan lias <;ra<luallv inen ascil. its (h'boui Imic mii>t have been shifted 
from -Marsh \ alley to Cache Valley and vice vnrsji jauuv cimes. Even now, 
in the irrigation of famung land at flunks Ranch, a ]ioi-don of its waiter is 
soniettnies artificmlly turned toward the Great Damii. 

Tin OM«ara«waimr.-Caclio Valley is separated from the open bann of 
Great Salt Lake by a niuuiitain rsiuge wltii li at one j^te Is low. Tlirough 
litis tlieHi-ar River escapes from ihi' \ alley by a narrow passajri. between 
|ireci|)itous wmIIh of limestone. Duriuj; the lionueville ejinrh tin- dividiuff 
ridge was sul>nu'rged at several pliu-es, so that the walerM of the Cache 
Valley bay coimiiunicated freely wttli those of tho ojien hike. During (he 
l*n»vo epoch tlie ooimecdon was restricted to the passage now occupied by 
the river, a stn^t (miy a few hundred feet broad and a mile and a half in 
length. One'half «>f flu' nr('.sent waJer supply of Great Salt Lake is derived 
from liear River, and timt river during the Provo eiioch was a tributary of 
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Caclie liny. (Jarlu) Hnv tlicivforo pr(»Huin:i!)l v n t civtvl lialf of tli** inflow «»f 
lln' I'rovo lake; ami it is trum ( 'a» iie liay that the oiittlow dis« har<;<'il. If 
the volume of outflow was jjmiter than the trilmte brought by Bear Uiver, 
the differeDoe wan sapplied by a current from the main lake tturoagh the 
narrow strait into Cache Bay. If the volume of B«ar River wa» greater than 
the outflow, then tlie excess was <lischar<r(.>d thn)u<{'h the strait into the lake. 
|)oul)tless ill either t asi; the flow tlirou;;h tlie strait was re<;ularlv reverse<l 
by rejiwm of the nnim;il Iiu rjnrilitv of tlio Ik'ar Kiver tribute, ami still nn»ro 
fre<]uentlv i»y tlu? efli'c i ol .>ioiiii m iii<ls, but if the voIuiim^ of Ik-ar River 
greatly exceeileil that of the outflow, it is (conceivable that tlie fact of out- 
fiov/ did not imjily the perfect fre»hnc(H of tlte lake. 

Tlua speculation was suggested by a curious piece of negatiYo evidence. 
The caleareous tufa whieli alndtmls upon th(^ Provo shore has not bcou fottud 
as-Mteiated with it in T'liche Valley. If it be really absent, niid Tir>t merely 
un»h'tc'<-f( rl, its (liHtriluition wfnih! s«'<'tii to iiirlicitc fh:»t. during at least a 
larjfC! puitiou of the Provo epoc-h, tiie outtlow was It-ss lliaii, or ilid not 
greatly exceeil, the Hear Kiver iuHuw. Under 8uch circuinstaiuxts the main 
body may have aceumuhited carbonate of lime to tlie {loiut of saturation, 
while Cache Bay did not 

The lowering; of tlie lako level by the wivir of the outlet diniiiiishe<l the 
area of the liikc surface about oiie-tliird, and it must have dimini.s}i( <1 ilio 
annual evaporation from the lake siirfaro by about the same amount I <p 
to the moment of outflow the eiitiixi tribute of the lake was disjxjsed of by 
evaporation; and if the change of climate which brought about tho outflow 
went no farther, the amount of tlie disehai^ during tlie Provo e|ioch should 
l»vo been one-tliird of tlio inflow. It is thus seen to bo quite within the range 
of jiossibility that Caelu- Hay, leei-iviiijr oiic-half tin- lot;il inflow, was a 
fresher builv of water than the main lake tliroujrh the entire Provo «'po« li. 
If ix cprtaiiiK iinv-t n'lnurkablc fluit a cniicurrciice of ^eoj^rupliic ami rliiiiatic 
eoiuiitions should enable a lake to maiutain a higher degixje of salinity thau 
the watar of the outlet limiting itH mxe. 

On the other hand, it is not supposable that the main body of Lake 
Bonneville was «alh)o, or even brackish, m those terms are ordinarily used, 
during the maintenance of tlie Provo level by outflow. The strait at the 
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entrance of Cache Ha\ was sevi i-al liuiiiln d f<H't tifc]), and any sensible 
«lifferencu in dcnsiEy bLtweun tlte l)aY aiitl thtj ojKJii lake would liave pro- 
duced iui intcrcliangc of gravity currento, the light water fbwiii|^ tmm the 
bay At the surface, and the deiue water entering b^ieatb. Adding to thj» 
regulative action tlie interchange of currents to and fro during Btonns and 
diirin;^ Hoods, it i» evident diat oidy a small diffei"cncc in the aveni;^<> foii- 
stitutidii of the hay water and the lake water rutiM he maintained. The 
very minute diflV-n'nci' conipetent to j>r«Mluce the |>t (•( ijiitation of carlionatc 
of lune in the o])en lake woidd not afl'ect the practical treshnes* of the water. 

It may be remarked in passing tliat the deposition of tufa during die 
Provo epoch is not inconsistent with a contemporaneous disdiargo by tlie lake, 
even though Cache Valley did not operate as a distributing reservoir for die 
water of Rear Uivcr. In a liroad wav, it IS true that salt hikes have im iWi^' 
charjje, wliile fresh iakt-s iiuvu, and that lakes an tV< >lu'ned hy dischap^t*; 
but so Intijr as the volume of ouftlow is less than the inflow, the freslM'iii!i;r 
is a matter of degix»e. The iullowing streams ijring u certain amount i>f 
mineral matter; tlie outlet carries away a certain amount; and as soon as 
eqailibrium of action is established, these two quantities are equal. If the 
volume of the outflow is only a small fraction of die inflow, its nlinity must 
be •frcater in inverse ratio: and, since the salinity of the diitclmrge is nor- 
mrilly identical with that of the lake, the latter can not be so puix* as its 
afHtii rsts. Carbonate of Iitih- is jwculiarly sensitive to the ettect of such 
conditions. t)n the one hand, it is dish4>lved from the rocks by rain and 
stream in greater quantity tliau most other minerals, and on the otlier, its 
jioint of satnratiou is quickly reached It miglit be |irecipitated in a lake 
even wlule diero was free discliaige of a tlurd jiart of the inflowing water. 

Tii*QiiMtiMi«f«DBwHtrnMiMi««.-lthas been siiirircsted by Davis' that anterior 
to the Bonneville e|»och, the altitiidr of' tln' l ini of llir basin nia\ liavr l>een 
such that its dmina<,'e wa^ disriiarL'"t <l to llu- oi-ean witiiout the loiination nf 
a lake, ur at lea.sl witlioiit the torniation of u hirgu lake, flic more general 
problem on which his suggesti<Hi bean will be deferred to another dmpter; 
but it is proper to inquire here wliether there is any indication in the rim of the 
basin of a pre-Bonneville outflow. He possibility of such an outflow was 
■ Me Bmnisvilla It nvtow], bf W. H. D»vk: HmHm, vol. I, ll»ib 1^ SN. 
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fiiUy recognised by the writer during his mve«tSgattons in the field; and 
flevenil of the lower paflseB were visited with apeciii] reference to this qnes' 

tioii. It waa not conHidorcd iiii|)(irtniit to examine tlie hi<r|icr puHses, because 
(1is))liic(Mn<>nt of tlu; (-artli's crU8t, wliile paroxysmal in detail, appears in a 
broad way t<» Ik' sl(»\vly prnjrri'ssivc. »(» that tlic tiTnc presumably iiiT«»<s;»rv 
lor liitiii}^ a banifr to a <'onsi«I<'rai»k^ h«^i<^lit — sav tnu' tlmtisjtn*] luM-t — wmihl 
suflicc for the oblitcTatiuu by the proccsKcs t»f hind sculpiiuf of all traces of 
» proexistont chantiel. Tlie resnUs of the search wore purely negative, no 
evidence of a pro-Bnnneville diannel 1>eiiif^ found. The only point where 
the indication is not so clear as t-ould be desired is Reil l{o«-k Pass. A pn - 
Hoiuieville outlet, occupying; tlie .same position as the Itoinu-viHe outlet, 
would Im' very diHieuIt to diseover, especinlh if th<* iiit<'rv»>uio<; pcri<M! wcr»' 
HUtHeiL'iit for the aeeiuuulation of large lnKiies of alluvium. iSu|i|iosj', for 
illuHtration, that Red Kuck Vatis were to remain subject to the existing eon- 
ditiom until Marsli Creek wa« enabled to restore the original contours of its 
alluvial cone. While the Bonneville chiuinel would be locally filled and 
concealed, other portions of it would b<- likely to remain visible; tmd its 
])ri";ctice would be Iwtrnyed by some sueh phenomi'uoii as Swan Lake. 
Hut if tlu' vallex' wen* rclldiulcf! ;nitl lUiotlier rivc!- tr;i\ ( r>( il tlic j)ass, tile 
washin}^ out of the alluvium would leave a ehannel praetieally identical 
with the present, and the earlier history would l>e masked. 

If, however, the interval between two dischatfies sufficed only for the 
]mrtial restoration of the alluvial contours, tho duplication of tho history of 
outflow woidd Ih^ n-eorded by terracea, and its deeiphennent would not be 
hopirle.ss. No su<'h terrains wcr<» observed at !u il l{o« k i'ass. 

These observations tuiiniri sth do not wnintut tito eonelusion that the 
Honneville batsin never had free <b~<iinag4.«. Tliey indicate merely that the 
last epoch of outflow antecedent to the BornieviUe was separated from the 
latter by so long an interval that the cliannel of disduuge can not now be 
discovered. 

THB OLD RIVBR BBD. 

The overland 8tag:o road which, before the day of Pacific railroads, 
canned the mail across the Great Hasin, skirted the wnitheni niar}j;in of the 
Great 3alt Lake Desert From Salt Lake City to Canyon Station, at tlie 
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MstMD hu» of the Deep Creek MoniiteiiiB, ita route lay alniaet entirely 
upon the bed of Loico l^miieviUe. Midway it rn>sse<I a broad channel, 

wliicli <!vcry ohm n>i-o*(ni/.f(l an an :inri<>iit rivoi* Iwd. lien' n Ktn<^o Ktivtion 
was t'Htahli«lH-<l and a rlirmtrc of" Imrw.s was k»*j>t. The hors<>H were not 
waU'ml l»v tli«' river, nor t-vt ii i>y a «liiiiinulive iiiCKlcm reprcsontiitivo of it, 
but by nieaiiii of a wull Huiik to a di>|ith of 100 fcvt Now that ^e road 
bns fallen into disuHO and «irtii lias clogged the neglected well, the chance 
traveller finds nothing to quench his thimt from Simpson spring to Fish 
Spring, ft ili-taiicf of 40 mili'H. Ono who Rlamlx hew iu tho midHt of a 
dosert, wIkto tlio <ndv ve;^otatioii i» a Kcatterinjj j^<»vvfli of Idw Imsln-H, and 
loolcs on m\ iux-icnt r!v«-r i-<»urse 2,000 feet bruad aiid more tliau LUO feet 
deep, can not fail to 1j« deeply iiiipreiMed. 

Naturally this old water traoe was assodaied in the minds of ohsemen 
with die shme traces on the flanks of tho mountains; and it is not surpris- 
ing tliat popular theory located here the outlet of the Iske.^ Meverdudess, 
the BonneNnlle sliore-line, wln'cli in viKiblo tipon tlie adjacent mountains and 
buttes, is 700 feet liif^licr tlirtii tlie litjrbo-^t «tf tlie old cbsiimrl; niid our 
exploration demonstrated that the entire site of tho chaimel wa« submerged 
during both lionueville and Provo epodw. 

NeithOT end of the channel is visible from ^ crossing of the stage 
road, but bodi are commanded by neighboring peaks. It is abmit 45 miles 
in length, and holds a direet course from the heart of the Sevkr Desert to 
the ed<^ •»f tho On>at Salt Lake Desert, ]»aiisin}r between the MrDowell and 
Sliiipsnn RiiTi^'^'S. ntroii^^rlii Mit its exteiit it is eut from tlie rlav^ di-posifed 
by tho ancient lake. Near the extremities thenf* only nm exiiibitcil in it.s 
bankM; but in tiie middle course, where it follows the base of tiie McDowell 
MountainB and associated buttes, it lays bare ikb old» rocks at several 
ptnnts. Its general widdi is about half a mile, but it expands in places to 
nearly a roilei, and is elsewhere constricted to about 1,000 fiaei At die 
south its depth is small, and its southern enil is ill defined, tho channel 
features rrnidiinlly I(>sin<j- themselves in tho ]ilain of tho Sevier De.sert. 
Ita noillieru end ii> more deHuitc, being l>ordered by low bluffs; and thence 

•SmA. 8. PtAmA in Boll. U. S. Owl. Snrr. Tm^ SmI ««L 1, p. «U(lb. i); O. I. 
Qtlbvl^ Amur, J«iir. Sei^ 94 awr., voL M, ISM, p. SSB. 
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to the River HetX Station its dc{)th increasea to 130 feet In the pa^s be- 
tween the moontainB its banks onalcmse witli the steep faces of buttes; and 
its general de])th may be Reveml hundred feet 

This description applifs nifivly to itn present condition. There in good 
rrnsriti to iH'lit've thut, nt tlic time of its desiocation, it \va.s dee|>er, esj>eci;illy 
in flio soutlicni piirt. I aci n wlu re it is niarfritit rl l»v ensilv eroded lake 
sediments; and near t)ie mountains the tiurfaee of these lies at 8iic}i an luigle 
that every rain wiwlics do«m an abuiidnnco of mud into the okl channel. 
On tlie Salt Lake Desert the plain is so nearly level that superficinl waters 
have little power of emsion, and the silting^ of the clmnnel lias been less. 
In the vicinity of the pass the recent deposit has a probable depth of 100 
to 200 feot. 

Tlie p-eneml de??efnt of llie ehannel is from Hoiitli to nortli, but this 
18 interrupted at one ixiint in the pa«» by au jUluvial dam, over which the 
water seems lo find its way rarely. The direction of the original descent^ or 
the direction of drainage through tlie chamtel, is not demonstrated by die 
ensting levels; but fortunatdy there is other evidence in the shape of a 
terrace, marking a flood-pknn of the niu-ient stream when its rlinnnel wn,^ 
half excavated. This appears on the Imiiks of the channel north of the 
River Tied Station, .ind is ciippc*! by a deposit of tine gravel, the |>ebblea of 
which are evidently derived trom the .McDowell and Simpson Mouutaius. 

From the liead of the channel the plain of the Sevier Desert descends 
southward for many miles; and it is evident that, when the channel was 
oecniHed by a river, the desert was covered by a lake. In a word, ^ 
channel was oj>ened at a time, dnrinj^ the final desiccation of the lake, 
when the level of the water Iii the main bodv fell holon tin- liottom of the 
striiit, 'rile inflow nf tlic .Si'\ ici- lio(l\- was for :i time ^Teater tliaii its re- 
stricted lake Mtirtac«! could «iiseljarge by evHp<jration, and the surplus flowed 
over the pass to the main body, opening a c^umnd as it flowed. The upper 
lake tlius presnved on the Sevier Desert was bodi small and shallow, and 
its shore marks have not been identified. Tlie lower lake was hu^e, and 
may have left: a well marked shore record; but this has not been discrimi- 
nated from others on the margin of the desert. A roujyii estimate, based on 
a general knowledge of the contours uf the country, iiidicateti that the up- 
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pw 1ak« had one^evontli the areft of the loirer. Tie lake system had also 
another member, for the Bomeville shmn had then rooeded finom Utah Val- 
ley, and the outlet of Utah Lake was, a» now, an affluent of tihe Great Salt 
Lake Imsin. Tliu rnntimiance of tho climatic ilociKleiice finally lowered 
SeviiT Liike Iw'linv tlic 1< \ (1 of outflow and <ln"« (l tli<> river \m]. 

It lias nlT'«-;Hl\- 1)1 I II n iiijiiki'il that even in ilic jiiisfi botw«»Pn tlic timuiit- 
aina tlie riv«'r lu-d was «'urv»'»l iroiu tlu^ hu-iistriiii* stnita deposited by l^ako 
BonneTille. The Bonneville strata there rest against steep faces of the 
rocky battes; and tlie relation of these faces to ea«h other, aiid to tho gen- 
eral C4»urs<> of tlie cliannel. Indicates that they arc the walls i>f an older 
channel wliose eour.se the post-BonnevHIe river followed. The history of 
this (iMcr channel is unknown; inif! its diseoverv oid\- tells us that, at snine 
unkuou n period before the lake, then- wsus free drainajfe from »>ne desert to 
the other. There seems no way to detennine iu which direction this draiu- 
age led, nor whether either plain was covered by a bike. 

OTHER ANCIBNT RIVBRS. 

Thi"ee other h»n<; abandoiuMi stream coui"ses have been obse^^■ed within 
the basin. One of these has almuly been mentioned. TIiv ]i;iss between 
Hush and Tooele valleys is now danuned across bv a ^n i at sy.^tciu ot i\ ave- 
built bars, wliich prevent tho drainage of liush Valley fr«»m passing through 
Tooele Valley to Great Salt Lake. Against this dam the water of Rush 
Valley sometimeB accumulates in a lakelet known aa Rush Lake, and this 
lakelet occupies a portitni uf the ancient drainage duinneL It has a width 
<tf 1,(MH) feet, and is shallow. Doubtless the depth of the diannel has been 

<'<<Ti-iiil(-ralily dimitHslwd b\- recent (li']iosits; and if tliese were cleared away 
tlie width of its bed would be found smaller than the indicatiou given by 
tlie lake. 

This channel is inteipreted as showing, not that there was anciently in 
Rush Valley a water supply competent to override and remove such a bar- 
rier as now restrains it, bitt merely tiurt, before tlie creation of the Bonne- 
ville lake, the valley had free drainaore iiorthward- 

A lar;riT rliaiincl, whose haliit iiiiliratrs a stmim compHrnblo with tho 
Sluallor rivers of tlie basin, euters Suuke VuUey from the souUi at a point 
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just east of Wiicelpr l\nik known as the Snake Vallt^y Settlement, The 
channel ends at tho margin of the old lake, an<l appears to have contained 
a fttream tributary to the lake, wlildi disappeared at the «ame time. It tK 
DOW occupied netir tJte settlement by a Btrenmlei from the adjacent mount- 
ain known aa Lnk<> ( Vcek, hut thia anter» the ehannel at itM and playid 
no important part in its formation. Al>ove its eonfluenco tlie rliannt*! hag 
esst nti;ill\' t]u' sjinut fliinciisMnis, a!i<l these eontiiuip as f;ir ;is ft w.ix trare*!, 
alMtiit twenty miles fnmj its moutlu Circmuhtan<'es did not j)ennit its fur- 
ther ex]i]oratlon. 

Near itH mouth the aneient stream cut acrom the base of an immense 
alluvial fan, |x>ured out from Wlieeler Peak, Afieniniip a clmnnel 1,000 feet 
lir-oail, which retains a depth of 50 fn-t. A aecondary alhn Ian, fonncd 
l)y flu- sarn<i mountain stream, an<l fmm tite material amassed in jlic fii.^t, 
was afterwards throwt? n« rits< tl)e elinnnel, dauunini; it and eansinj^r ;i small 
lake. Still moiv rec ently tins dam wiw broken Uirough and a smaller cliau- 
nel waa opened, whereby the lake was nearly drahied, and Lake Creek 
6Meai)cd to Snake Valloy. Tlie closing chapter of the history Ium been oon- 
tribnttfd by man. Hie denisens of the little hnndet have buHt another (bun 
within tlie small eliainiel (a |)nny and Insi^^nilii ant aflair (vtmpured with 
tliose of Xtttiirc's constnietinn), whereby tiiey have created a pond for die 
8tora<_'e ut' u ati T for irrijjation. 

A third stream eourse of houjo nia«jnitude enters the basin in Idaho at 
the north end of SnowNville Valley, d^uehinjt, from a mountain at die west, 
ahiioKt precisely at tlie divide between the drainage of the Basin and tliat 
of the Snake Riv«r. It waa not traced toward its source, but the grade of 
iUt bed inilii ati--: timt it riniins a valley of some size within the mountains. 
Tt-J fliKMl-plain has a lirrndth. jnst before it rerirhes the l^nnneville horizon, 
of "J,! ii K) feet, and Ix-luw that hnri/.iiu is eovered l)y tlie lake He<iimeiits. 
Within tho hike area it ean be traced for several miles, altiiungh lined 
throughout by the lacustrine deposits. Throogh this duuinel water rarely 
finds its way at the present time. The flood-plain is eovered by soil and 
vegetation, which g^ve no evidence of recent disturbanee exce))t along a 
narrow TOeanderin<( treneh that (»ne may leap across. There is liere no 
delta associated with the Bonneville shore, and the implication seems to be 
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Aat the locdity waa chaiacterked at aome very andent date by a climate 
inore humid than ddier tlie Bonneville or the present. 

Witli these exceptiona the wat«r couraea of the drier coasts are not 
known to give eviilt m r> of modilicfttion. All nf them are larger than the 

onlnmrv strrams w itliiii them ifqiilro; hnt the cxtmonlinary rc(|iiin'tiiont» 
lit an arid rugiuii itre m gruat timt tlic chuiinels do uot tieem abuoriiial. 

OUTIATS AND BMORCUMKB. 

The harmony between die eoneludona baaed on the phenrnnomi of the 
flhore-linea and those derived from the features aaaociated with the outlet 
has a doable bearing. On the one hand, it server to establish the elements 

nf tlio lake's history thuH far set forth; and on the other it defines the in- 
tiuence of outflow on slioro Injjofrrajihv. Without ontflow the level of a 
lake is inooiiHtaiit ami tihcillatory. n'nl unlesn tiie water .st;infl<? lontr nt the 
Hsune level the waves will uot excavate cliffs* and terraces I'ornjiiiraljlc in 
magnitude with the embankments oonstmcted. 

It follows diat the Stansbury shore, which gives evidence of & pennsr 
nent water Htage, not merely by its cliffs and terraces but by its accumnl»> 
tkm of tufa, was deteniiisietl by ati outflow or its equivalent. At one time 
I Hupposed thnt tlie })robleni <tt its existence would be solved by the Old 
River lieil — fliut its level would l>e foutul to havo been dt teniiined by a 
disduirjju fnmi tiie main body to the Sevier body; but this hypothesis was 
was overdirown by the study of die river bed, which showed the disdiaiige 
to have been northward instead of southward. Hie preciAe relation of the 
Stansbury shore to the river bed ban lu it been ascertained, for the shore lias 
not been i-ecogfuized in that \ i( iiut\ , but they do not diflfer gi-eatly in alti- 
tude. It is pmbabh* t!uit (hjrinjf the Sfansbnry epoch tlic main lake did 
not extend to the Sevier Desert. Thei-e in <»ite otlier valley which might 
have served jih a reservoir for surjilus water at the Staji.nbury stage, but the 
connecting strait has not been critically examined. White Valley contained 
a large bay during both the Bonneville and Provo epochs, and was deep 
enough to have received a considerable dischai^e at the Stansbury Stage, if 
the .-.frnit was adiiisted to its delivcrv. It-' ar^a is indeed small as compaivd 
to the main lako at that level, but it might uuno the less liuve served a 
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reg;u]ator, causing tlie oscillating lake to liiigor at a particular level each 
time it rose. 

Tlie nature of the probim embodied in tlie Stansbury shore was not 
realiied until tlie field examinatJom were ao nearly complete that the op- 

]>ortiitiity liad pa.s.sed for visiting the tocaltties importiitit for its diseus-sion. 
It tlieix-foro reinaina aa ime of the uuanawered questions developed by the 
iiiveiligutiou. 
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THE BONKEVILLE BEDS. 

A certain sories of lacustrino strata have bceu deAignated tlie Bonne- 
Tine bedih Their relation to the tM nhora-Ihies was ftnt pointed out by 
Hayden,* and aftemaid by the geologiata of the Fortieth Pamllel Survey 
and the Wlieeler Survey. The groundit for the correlation liave not been 

distinctly (enunciated, probably becaujie tlioy are so patent to <-acIi oiKicrvcr 
tliat tlicir statement seems surperflnons. In the present work, Imncx j i-, it 
is pr<tjK>sf'd to coiiiltiiK' th(? history derived from the >»e(liiiM iit!H with the 
history derived from tin* shore, record; and tliere is a logical necessity for 
eHtabliBhing the general iiynchroniitni of the twa 

A brief account haH alreafly been given of the Tertiary lacustrine strata 
obiierred in the Bonneville basin. Wliilo thette exliibit oon.siderai)Ie variety 
in texture, tiiey are in <;eneni1 so distinct litlioloj^ictdly from the l^umeville 
]M'<\'i that their di'^rriniinntinii has ])een ensv at>d unembarnussed by doubt. 
Tlie Honiii'villc lii ds iiri-ii|]\- tlie hiwlnnds, constituting nearly the entire 
KUi Jsn e, ami leiiiin tlie attitude of dc^position, lying Hat on the open plain or 
getitly inclining at the basee of the monntainB. Wherever the outcrops nS 
the Tertiary loeds are asNociated with thene, they exhibit dips refemblo to 
* displacement, and they are overlain nnconformably by the Bonneville. The 
B4>nneville beds are thns seen to be the latest lacustrine de])osit of the biisin, 
and tins fart indicates thdr gynchrouism with the latest littoral evidence of 
a laciistiiiie fonflition. 

Again, the distribution of the Itoinieviile beds is strictly limit«Mi by the 
Bonneville shore-line; and utme of the otlter grou]>s sire so limited. Tlie 
latter are thus shown to be older than the shoro-lines. The Bonneville 

•SniiiiiataiBW at UaiHtf llMmtirfn. SaaiiMf, ligr V. H^dM, Mew T«ck, MNl^ |h UK» Atiii. 
ftiV*. OmI. aorwy Tiir. tar isnik 9^ m 
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Kc(l«j arp Hill trarc;il)l(' niit\\iH(l from tlif center uf tlit- l)aslti tn jill |iarts of 
llu" lioiinoville shore-liiu's, or at la&at thcv do not to that limit hoUi tlioir 
fiuniUar characters; but they bear to the shore-line certain definite relatimu, 
which may he stated. Whore the margin of the baain ia Nteep and the 
tflKtre-liiie ia Irigh, tlio hike bede rea«h to the foot of the alopes irhore the 
Itiisin iniu-<pnii is ^'fiitly iiu-liutt!, aa in the iihallow bay*, they cxtoid nearly 
to tlie oiitor limit of wnvi- wurk 

Kiiiiillv, iiH Ixcii fiilK x't fnitli Kiiiir,' Boiuunilli' IhmIs urf 
ill jiliUfs intci'stratitiiMt witli alluvial ik-posits; they rest upon the princijml 
niaiw of alluvium from tlie mountaiuii and support alluvium of reoeut traiu- 
portatiou. Tliia relation ia atrictly paralleled by the shore-linoB, which rest 
upon the alluvial oonei) of the mountain baiMW and aire theronelvca overplaoed 
bv wi vut alluvium. 

Aildrii'f to tliew? facts tlio a priori coiisidcnition tlint tli?* deltas contain 
onlv the coarser material liroti^'lit In >tn iuiis, the finer liaviu<^ been mr- 
ried in sus|>enHiuu to the lake, uiiil that the shorn umbaukmuuts rupreseut 
onl)- the eoanser part of the product of littoral erotdon, the finer having been 
carried lakeward by the undertow, mo that there must have been fine lake 
aedimenta contemporanoous with the deltas and end>anknients of the ahore, 
tlie <;ener)d eorn-s)M>iidence of the fionneviUe Iwda with the Bonneville 
shore-lines is clearly estaldislied. 

It is only in re}^ard to details that the correlatitni ia less clear than 
could bu desired. Gnu result of the deposition uf the scdiiucuUi wusj thu 
mtsing o/[ the base level of erosion of all atmms tributary to the baain, so 
aa to make them agents of depuntion along their lower courses in post- 
Bonneville time. The localities yne therefore e.\< eediiiuly rare where even 
partial sectlunM of tlu^ Honneville beds can 1ki observed; and it is only at 
their extreme outer limits, whore they ritie toward the ahore, that theur baae 
in ever seen. 

I/>WBR RIVBR BBO 8BCTCOM« 

The deepest section of ^e lake beda, or more strictly the secticm repre- 
senting the largest fbtction of the Bonneville Period, in e\posi<l in the- u alU 
of the Old'Itiver Bed near the point where it is erowed by the Overland 

■ Otal. 40th fmt., «oL 1, ». 499. 
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Stage-r«>8vd. It luw soino title to be regarded as the typicjil section, and 
exhibitii the following nicmbors: 

1. (At baso.) T\\i' YlIIow Clay, a fine arfrilliKvonx cloposit, laniinati'd 
throuj^lii lur, < ili vc ^nuyoa its fresh expo-^iin*, Imt \v(!atli< rinif fo !i pale yellow, 
lu this are omisiunal paiimige^ di mud, but i\ui»v are local and discuutin- 
uou«. Nodules of selenitei comnting of grouped arrow-head crystalti, are 
abundant; and jointago cnkclu Mometinies contaiu nwettes of reerystallisod 
gypsum. Bivalve didk of Mvenil q)edeN are iudaded. The base i» not 
seen; a thickness of 5)0 feet is oxposad. 

2. Tlie White Marl, a lint? l alcanMJtis day or argillaceous marl, light 
gray or crcain-cohired on fresh Lxpnsvue, nearly white on wi'ntliored sTir- 
ftice. Contiiins sotuo gypsiuu, but less tlum No. 1. Overlies >io. 1 with 
nnoonfoTmity by ur«>sion, and b at its base erovded widi sbelb repreient* 
ing nearly the same fiiuna. Thickneflo, 10 feet 

3. Tlie mart pame» upward into a fine sand, the tramndon being grad- 
iial ami tlin miitinuity perfect. The wind contains also the same species of 
shells. Tiiickuess, about 1 0 feet, the upper limit being obacured by a recent 
eoUau depottit of similar texture. 

Tlie diittribatiOD of the Yellow Clay and White Marl is universal thR)Ugh- 
out the lower parts of the basin, and they a^^cend in the shallower bays 
towrirfl the ujiper shore-lint*s. At low levels their physii-ul elinnii'ters undergo 
little eliange, and they are re.-ulily (liscniiiinated by their difference in color. 
At very low levels a yellow clay ainjciu-s over tlio Wliite Marl, blending 
with it as tiwugh continuously deposited. This may be the equivalent of 
the sandy member in the typical sectioit, which is not every wliero found. 
The anconfMi inity between the Clay and the Marl does not iii< lu(lf any 
observed difference in inrlination, and is not always detectable, Iml it was 
observe<l at loralities so wi«lely distributetl as to indicate that it is luit a 
mere local jiiienonienon. AgJiinst the steeper coasts the beds apjjear to 
terminate somewhat abruptly at low levels; but on gentle slopes they con- 
tinue widi a change of character, acquiring sand both by admixture and by 
interealaljon. By these changes Uieir distinctive characters are lost, and at 
h^ph leveb their separation is for the most part imposnble. 
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Thti exposures of the Yellow Clay are »o rnrv niul h<> f^ma]] that its 
speciiil imitntioiis vnn uot \x- chuiucterizetl, but abLuuhtat ojuxtrtuaily is 
afforded for observation of tlie Wliite Marl. As the shore is approached, tlie 
AreimcMiis capping incraaaes in relative tliiclcneiw, eucroaching on the mart 
below. The base ia tlie last to cliaiige, holding its white color on many 
parts of the coast to levels above die Provo shore. 

At nuiiuTous jM»int.s between the lioiiueville and I'rr»vo horizons, sedi- 
tn(nr;iry '!i ]n»sits im- seen to alternate with littoral, tlic fi>nner coiisistlnj^ of 
marls, t lay>, and sands, and the latter of si loix* drill in the form of spits and 
bars. Wu have not succeeded in correlating these sublittoral deposits cither 
witli eadi other or with the lacustrine s<i<fiments of the center of the basin; 
and the phenomena^ althongh numenous, are so fragmentary that there seems 
no advantiij^e in plaein;r their details on record. Their only eoutri button to 
the dediu i (1 lii>tory of the lake is the contirniation they atfortl of the con- 
clitsioii iiiili iiriiilcuth rcitclicd tliat the f urt'iirc of the hike, wllCU not limited 
by outtlow, was subject to aiany minor o.scillations. 

At a few localities there was obtienred an abnormal development of the 
hieustriiie section, a result of what may be called rede)xwition. A tingle 
illiutration will suffice. Snowsville Valley contained at the Bonneville stage 
a biiy eif^ht miles l>roiid aild ruiininj^ twenty miles inland. At the Provo 
statue its linear dimensions were reduced one-half, and it became shallow. 
At a later and lower staj^e, poHsiMy tlu' Stansbury, the wafer l>art lv rcat liod 
to the entnince of the bayj ami at this time the freshly deposited muda of 
the bay ajtpeur to have been washed lakeward in great volume, aceumnhit* 
iug at the moutli of tiae hay iu a series of sheets iueliiied at an angle of 3 or 
4 d^\!cs toward the lake. This may pei'ha|w be called a delta deposit, but 
it diflers frnni typical di has in the fuu-ness of its material and the conse- 
(pient h»w an<;le of cro.ss himination. The last addition to the (!( ]iii>it vtm- 
stitutfs the face of a perceptible terrace, ascen«l<'d by tho mad ti om < 'urU w 
t«» Snowsville. Througli this terrace Deep Ci-eek or Deseix't Creek, the drain 
of the vjdley, luis excavated a chauuul from twenty to Uiirty feet in deptli, 
expoung tlie structure of the mass. The deposit has a general resemblanoe 
to the norma] lake beds, but exhibits four or five altmiations of the tyincal 
yellow and white colon. 
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LEMINGTON SECTION. 

Tlu' iinciiiifMrmitv of the Wliito Marl iipnii the Y<-11<)\\ Clay iiidiratcs 
iliNi iintiiiuit \' <)(' lacuslriiu' (•iiiKlilinii-^; ami at Iwn Incalirics this <-vi(l<-uc<- is 
HUj)j»lLiiieiitL'(l liy tliu Kcrunviuu nl subufiial <lc|><isitH at tlii' liurixoii of im- 
Oftiiformity. Oiio uf tlieiie ln«alitieM w at LKiniii^'tnii, where tlie ijevior liiver, 
iHMiing from ito narrow valley in the Canyou Range, oiitorH tbo Bevier 
Dettert Duriiii^ the h^jrliettt water ittagea, no delta was formed at tliiM 
point, becHUxo the land-locked bay on the cast side of thu nui;rc m-nivwl 
jitnl rctaiiu <l all flH- courser alliivliini; Itiif a <rr«'at aiiiniiiit »( fim- iiiaftfr was 
\vjis1k-<1 iutn tlif lake, ami this was ili'|H>sitc(l with <'xcf|ifiitiial ra|)i(lit\ alw»ut 
the iiioulli ot lh(5 (fstiiary. Thu U>Ui\ liH-al iK-jioHit must iiave aiiiouatt'il to 
Kovend hundred feet, and recent oroNoh by tlie river luw ex|MM8ed 150 feet 
of thin to view. Tlie |ioint <if ii|>ecial iutereiit i« juHt outHide tlie canyon 
moudi, where the lacustrine strata are seen to abut against tlie steep fare of 




Kit-. S"*. -St-^'litifll Mlinniilj; i«nrrTii«i<»li or rini' ritiil AlliiV'iit \U iMmi\* ») I.i-niinirtttu. !*I li, 

I. I'llli'iilliMi lUMul-lxlir i I'll.- Y..|li>« t'l.n ' . r r..itili- 1 ill. I 1 U.l-i < . 1 1 ii , i .1 ,i i ■•! 



«|iiai-tzif(' (•ini>tittiliii;; the nii>iliitaiii f'nmt. 'I'hc material of tlu' lake ImmIs is 
lieri' coarser than in the t\ pical section, and the contrast in color between 
the upjMjr uiid lower series is barely diseernible. The Yellow Clay iiu-ludi*:) 
through nearly its whole depth a ctMuddenihle parcentafre of fine sand, and 
the White Marl haa a fine texture only at its base, consisting above of coane 
and fine sands. 
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Asstociatf'«l with thi' lake Vm'iIs aro two we«l}^es of alluvimii, tlu' tliicker 
tMuisi ol" wliich abut ii<»iiiii8t tlif (juartzite of tlie mountain. Tht' upper of 
tht'rtt' ijj a modcrti di'|)usit, rtaciviuj^ iulditiotijj at every storiu; the lower, 
which otherwiso is sunilar iu all its characters, m inserted between the Wliite 
Bf aH and the Yellow Clay. 

TIh- Marl and its a.s.sociati'<l sand hav?; here a joint tlik-knest* of 50 feet, 
and the Yellow Clay a visible tliit-ktiess of 100 feet, the hjise hein^ e«»n- 
eealed. The lionneville shon -liiii', here takin;; the form of a terraee and 
flirt", runs oO feet above the uj)iM*r limit of the Wliito Marl mid 120 fet;t 
above &e upper limit of the Yellow Clay. 

The mne» of events by which tliose relationii were produced can not be 
mistaken. White the lake stood at a lugh level the Yellow Clay was de- 
posited against the ba.se of tlie mountain; and a.s the de])08tt ext<Mids to 
within 120 feet of the Bonneville shore, tin laki level must have approached 
this mnxiiiitim vcrv nearly. Then the water km i ded so far as to hriii«r stil>- 
aerial Jigeneies loi^ally iuto play. The waste fn»m the mouwiain fare was 
wa8h«d by the rain iuto the margin of the lacustrine dopo.sit, iuul accumu- 
lated tliere in a talus or alluvial slope of low inclination. Afterward the 
water returned, and remained at a high levd during the deposition of the 
Wliite liar) I and at the same time the Btmneville shore terrace was cut by 
the waves. 

Th»" Ini ality was carefully studied for the puriiu-c nt' discoverinj;;^ other 
intercalary alluvial wedges, but none were fouud; and tlie exp«)sures were 
BuiBciently complete to warrant the confident assertiou that none exist 
within tlie range of the section. Their absence indicates tliat during the 
depositiim of the vimble portion of the lower fledintmtary formation the 
water did not filU more than 200 feet below tlie Bonneville honzon, nn<l that 
durin<( the ])eriod represented by the upper deposit the water did tint fall 
more than 150 feet bclnw tlie Rouneville horizon; that is to say, the 1(k ality 
rocoiils two high .st;i;^L-s of the lake »e|«inited l»y an e|M»eh of lower water, 
and predades the hypothesis of a larger number of great osdUatuHis of 
water siuface witliin t'ae limits indicated by the local deponts* 

MOH I— ~>1S 
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UPPER RIVER BED SECTION. 

The socKiid locality at which tlio cky juul marl are sopanited by sub- 
aerial (lt'|)usits is at tile < )M RIvor Bed, about miles smith of the point 
at which tiiu typieal suction of the hike de|)osit,s wius observed. Tlie sedi- 
menta here lie about seventy feet higher, risiug gradually toward the 
mountuns and buttas between which the River Bed pames. The number 
of distinct members in the aeries is greater than in the northern part of the 
River IJcd, niid the reliitions are coinplicateil l)y at least one other uncoin- 
forniity. They are exhibited in the map on 1*1. XXXII and in the sectional 
dia<^-am, Kiir. 'i!'. 'I'iie letters deiiiguatuig formatiuus are made to correspond 
iu the two iiluiitratiuiiii. 




710. !9.— Tbv Vpptr Rlvi-r BmI Scctlan; iimlin Am AA tt Wm FkNi T^^TT 

r. |Tp|>arS.»L SO Second GrsvaL AaLrNTlMd. JTaWUto MMi JWanntOHiriL OaTtlb* 
Chj. Totkd Mile (twiar ttau horimiaL 

On llie left or soudiweBt hank of the River Bed, the paileoioic temme is 

largely ex|H)sed, consisting of limestones and sandstones or qiUUtlites, be- 
lieved to be of Silurian a^f, thouirh not vieliling fossils at this preci.se point. 
Tlie sfru<-tun^ of the mass is not essential to the PleistoctMie history. On 
tlio opposite side of the River Bed ai'e five small buttea of trachyte and 
pitohstone, nearly buried by the later deposits. These are so andent and 
worn that their forms convey no information as to the original extent of the 
masses from which they have been carved. 

Tallow ciar— Tlie low«'st tiiember of tlu* later series of formations is a fine 
laminated clav, which rests at^ainst the Silurian wall on the side uf thi' Ivivor 
I5< <1, and presumably surrounds the i)a.stis of lh<* l)ultes, although its contact 
is not seen. This is olive on fracture and yellow on weathered surfaces, 
and is visibly continooos with the Yellow Clay of tlie typ«^ section. 

vintonmL-Besting on tho day, with a dight nnconfonnity by erorion, 
are several masses of gravel. The lai^gest runti southward from the more 
southerly buttes, and has jvoteeted the underlying day from erosion. It is 
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lotiticulur iu cross-sectioiif and has a maximum tliickuei)^ of iit'ry t'eet 
pebbles are well rounded, aad are relatively small at bottom^ bat at top 
include bouldem six inches in diameter. Near the snrfiMse there is in places 
a calcareous cement, biDdiiig the pebbles to^''(^^tlier; and tliei-e ure also rosi'ittes 
or iimshnnHii-liko lunsses of culcurooud tufii. 'Ilie innjority of the pebbles 
an» of pitciiiitoiie ami tnicliyte, siniihir to tlio mafcrial of the :idt:i("* nt buttes, 
but thero are also exiiinples of other volcanic rock.s nut kuowii to occur in 
aitu within several miles, andaL^, limustouo and quartzite, such as constitute 
the moontaia ranges on both sides and are distributed through all the lai|;e 
alluvial cones of the neighborhood. At the west margin the mass oau be 
seen to tenniuate in a wed<»<» H('])ar;itit>fr the Yellow Clay from the next 
member of the series, and beyntui tin- limit of the mjuss there is a ribbon of 
sand, wit h occjisional pebble«i. nuukiii^'- its Iiorizon. Half a mile farthfr west 
this ribbon uxpuudji into a fjed of coarso sjind and gravel, foui* or five feet iu 
thickness, and half a mile north there is an independent oirtorop of similar 
material at the same horison. These masses are not 4^ subaqueous dieposi- 
tton. The (ofm of the one first described, the assodated tufa, and the pre- 
ponderance of boulderH of local derivadoilf indicate shore actioii. ];iit it is 
{>( issiblf tli;it an iuterlacustrinf' river the nfjeut of transportation. What- 
ever their orif^in, the jrrnvcls ni;irk ;i pcnnd wlu n the lake level was much 
lower than during tlio dejxjsition eitlier of the Yellow Clay or of tliu suo- 
oeediug dejMisiL 

wukibii^Next in order is a bed of white marl, dght ftet in thidmess^ 
depowted uniformly over tiie undulating aurfoce of the gravel tmd clay This 
is in visible contitmifv with tln! Wliite Marl of the type section 

t«w«r stnd-Tlic iiiai'l LC'"i'iiii;Ufs ui^viii'd iiitii a licil nf sand, fine hclon' 
and coarse alfivc, >\itli a liital th'plli of l"i hct. 'I lie saii'l and iiuiil 
cuuformable throughout, but were both oriMied before the de|M>sitioti of tiio 
next bed. 

SMOMi onMi^Ahove the sand is a second gravel, which rests nnconforma- 
bly on the mari bm well as tlie sand, and probably on the first gravel, from 

which if <-ould not In* sepiurated at the point of (contact Its iM'bldcs are 
small ;mt\ :m> mingled with a oottise sand, the whole having a thickness of 
about two foet 
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upiKr 8«o<i.-Abovo the s«coud grave?! is au upper bed of oaud, confomiable 
widi It «o fin* M ooiild be ascertained, bat exhibiting Utde stnictare. This 
has an ofaoerved thickneBs of 82 feet, but may have gained or lost by die 
action of the wind, which throws its surface mto waves, and has caused it 
to bury at the north the exposure of the lower formations. 

uwwr O""! -Finally, there a|)pear!s alumt the bases of tlie more northerly 
buttes H fine j^avel of ailuvial habit It raata on tko »ecuud gravel; but itn 
relation to the ii])i>cr sand wa» uut seen. 

On the op|>osite nde of the River Bed there are a few remnants of the 
White Marl capping tiie Yellow Clay; and at one point a small tract of 
sand appears, which may b< lout;- . ifher to the lower or upper series. 

In terms of lake oscillation, this section bears the followiiif^ inteq)retai- 
tinn; first, nn (»pnr!i of deej) subnierf^ence, during' wliidi tin* Yellow Clay 
wjus (le|>o!ii(( (l; set olid, an epoch of einorwnre, during whicli the surface of 
the Yellow Clay was slightly eroded and the first gi-avel was deposited, 
either by wave action or by running water; tliird, a second epocli of deep 
submergenoe, during which the Wlute Marl was thrown down; fourtli, a 
continuance of subuierf^ence, but with a less deptib, during the deposition of 
tlie lower sand; fifth, a second epoch of emergfdice, during which the lower 
84ind and White Mini were eroded and the second gravel was d<'|iOsited; 
sixth, a tliird suhuiergciu permitting the accuniulation of the upper sand 
as a shallow-water deposit; seventh, the final emergence and the erosion of 
the River Bed. The locality has thus been three times submeiged and as 
many times laid bare and subjected to a.tmoepherio erosion. 

It will be convenient to refer to tlus locality as the Upper River Bed. 
It is coiniccted by continuous outcrop with the Lower Uiver Hwl, where 
the ty|ie sertidti of tin- lake scdimonf.s is exhiliifi il; Imt there is ii<> such 
connection with Leinington, lorty miles away. It is about seventy feet 
lugher thai! the Lower River Red, and about 4oO feet lower tluui Lemiiagtou. 



At the Lower Kiver lied locality two emergences are recorded; at 
the I i>i»:i' Rivw Bed, three; at Lctniiigton, two; and it is importout to the 
determination of the history of the oscillation that the relations of these 
several eraeiigences be ascertained. 
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Tljerc can be uo error iii rcterrxn<; flie latent of tl»o imlicjiteil emer- 
gences at each of the three Ictcatitiea to the final suhsideuoe of the lake and 
desiccation of the hasin. Hiere wore, of eounie, intervals between the 
appearanoeB of the several locaUtiea, the highest being first exposed by the 

reoedintr water, but tlie exi»t<'iuH? of ihv.M' illk»r^'alrt dof s not contravene tlie 
gonoral fart. We mav therefore n-Htrii't our atttMition to the teni|>nrnrv 
enierfjeiiceti, oi wliicii tiie ljjn»it;r Riv*n' Ik'd witn«!«soil two ami the oihvT 
localities one each. Continuity of outcrop demontfitrates the identity of the 
first enmigence at the Upper River Pod with the emergence recorded at the 
Lower Btver Bed; and'thero is stratigraphic ervidenoe of a cumulative na^ 
tnre in &vor of oorrdatin": the Leniington emergence with theHe two. Since 
this is not direct and positive, it is neressary to state it somewhat fully, in 
Oirder to exhibit the weakness of the arjrunient as well a.s it.s stronjrfh. 

The tenn)orary enicrgence is recorth'd at the Lower Itiver IU<1 by an 
unconfonnity — by the erosion of the surface of the Yellow Clay before tho 
diqxwition of the White Bfarl. The section includes in desc4»iding order: 
(1,) White Marl, crowded with shdls at the base; (2.) Unconformity; 
(Sw) Yellow Clay, All the eh-nients of this s<>ction are trareable continu- 
ously to the Upper River ]hx\ locality, and tlicy ai-e rejieated at wvcral 
other localities low dfnvTi m tlio hnsin. A few of tlieso are hi}»'her on the 
slopes oi Uie basin tlian the Upi)er Kivor Hed, ami one attiUiui an altitude 
of 250 feet above the latter locality, falling only 200 feet short of the Le- 
mington locality. The unconformity may therefore bo said to have been 
traced by a harmoniona series of observations witliin 200 feet of the level 
of the Leraington l«H-ality. At Leininglon the 8tratigmi)hic series is com- 
parable, but not identical. It contaitis nil tlie eTuim('mte<l elements except 
the White Marl, and this is n'plai i d liy a wiiite day. On the other hand, 
the second emergence i"ecoiiU'd at tin* Ujiper River Bed Imw not Ijeen recog- 
nised elsewhere, so that there is some wairant for the belief tliat the oscil- 
lation of lake surface causing it had not a great amplitude. Finally, the 
sediment recording the latest submeigenoe at the Upper lUver Bed u a sand 
merely, indicating' that the deptli of the water .was not gi^; and if tJlis 
suhmtTfriMicc did not include tho Lemini;1iiii lornlitv, thp precfdiiip;' emerjjf- 
ence, as nM iinlnl at ilic Kiver B*^^ could iu uu luamier bo separated, at 
Ltiuiington, from the tinal emergence. 
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Tlie nrcompunying (iiiif^nuii, I'v^. 30, fX])r('sse.s graphiciilly the ron- 
clunions n-iu-lu'd from tlie joint cousidenitioii o( tlie three localities. The 
vertical scale reproflents height of water surfnoot ranging from the level 
of Orent Salt Lake to that of the Bonneville shorei The horiiontBl scale 
repreiientB (from left to n'^^lit) the nrdcr <<i' si (pii nrr, Imt without uiiy 
attempt to ezprem the relative duratiou of Uie Mevural elemeutM of the 




history. The carve exhibits the progres.sive rise and fall of tlio lake. 
Beginning at die left, we have high water ropretented by the T^low Clay 
at all thi-ee loealtttee, then an epoch of low water ropreBented by the alia- 
viam at Lemingtou, by the first gravel at the Upper River Bed, and by 
unconfom^y at the Lower ^ver Bed. How low the water fi'11, does not 
!i]>]M'ar. So far an this evidence po«"<, it m:\v hiwc fallcti onlv to tlic bottnTn 
i)t' till' ( )M Kivcr Bed, or it nmv have descended to tiie level of Uroat Salt 
Lake, or even lower. Theu canie a second autl .shorter e|K>ch of deep water, 
represented at Leraington by white clay and Hand, at the Upper River Bed 
locality by the White Uarl and the lower sand, and at the Lower River Bed 
by the White Marl. The final emergence is n mnL d ;it T^nninglon by the 
superficial allu\nurn rmd hy the erosi(»n of the modern channel of the Sevier 
River. It in reconled at flip Lower River Red by the erosion of the River 
lied and by it^j partial tiUing with alluvium. At the Upper River lied the 
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mcond and tiiird graveliH witii tlie intervening sand, record b general de> 
Bcent (»f tlie water, interrupted by an upward movement of wraall extent 

It is not to ho uii<l<'rst(MMl fliat tins curve exiiiliit.s any ni<»ro «»f the 
history of oscilhititui tliaii in (h-rivahlc from tin* di-posits and unconfoniut'u'S 
at thv^c tlirw hM-alitics. The additional oK'nicnts df^rivcd fr<nn tlic! sfmly of 
the Kliore-liutis are purpo!<ely ignorud, aiiil innumerable minor oscillHtions 
are perforce omitted. If lei^ona of all the alluvial, littoral, and lacuiitrine 
dqtodts of tlie bo^n w&ee acoeM«iible; and if tliesie were elaborately Ktudied, 
it can not bo doubted that the eimplo curvOK here drawn to represent the 
t\v(» fj^reat sulnnor*feiiocs of tlio basin would have to b»» roplaccd hy linei 
witli iiiiiurm^rahh^ sniidl itiflcrtionf , simtlru" ti> tlmt dcduci-d from (lit- tijtjM'r 
deposit!* at the Upper liiver lieil. In tlm sequel tlu* tlata i nihudicil in this 
cune will bo combined with other data in our jjotisessiiMi, includin<; that 
from the ahoro-lines and outlet, and a more accurate curve will be drawn. 

HBIQHT OP THS PIRST MAXIMUM. 

If the first submerfrencc had Ix'en cairiod 80 tttt as to pnHhice outflow, 
the eomwion of the elianiud of outfimv would have made it iia]Kissibl« for 
the second submerj^Mice to exttnid hitrhcr than the Provo level. Knowinj;^, 
08 we do from the phenomenn of the shores and the features of Red Ilock 
PasH, tlmt the second Kubnu-i^eucu wa^ characterized by outflow, we are 
warranted in concluding tliat tlie first rise waa nomewhat leiw tlian die seo- 
ond. Tlie amount of the difference appears to be indicated by ttio embank- 
ment* of Prouw* valley, to which allusion Im.s already iK'en made. At the 
north frroup of embanknieiits. fi^run-d in PI. X\'T, there is an older series 
partly buried by a newer; ninl ihc liiuhe.sl iuciuIrt of this lies !•() feet below 
tlie Uonnevillu horizon. It is prolial^lc that tliis reprei»eut4 the extreme 
advance of tlie eadier flood. 

At the Lemington locality the Bonneville shcm'-llne is the only one 
reprt*.sented by a sea-cli(f and terrace; but at lower levek ttiero are lines 
of tufa a<lherin;»' to tint ([uiu'tzite an<l ap]>aR-nlly markiti'j tem|K»rary j)osition8 
nf the water level, l'n>l>nhlv tlic relation of the w;ives to the contij^uous 
h1o|ws euable«l tiiem to iMnploy sliore dritt in attackinj^ the mountain face at 
the Bonneville horizon, but did not niford tliom that aid at lower levels. 
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The unarmed wavee not only were unable to tear down the cliffy bnt were 
eompelled by tlu'ir iwonlijir chemic4>l coiLstitutioii U> add a iniiuTal coatinj; 
to if.s face. These* lines of tufa ;irf fovfrcd by the l;u iistrinc deposits 
except where expostxl by recent denudation; and it is assumed that certain 
of tliem now buried by the White Marl beds were formed during the depi»- 
ritioii of some portion of the Yellow Clay. The highest of these is sepanited 
from the Bonneville ahore'line by an interBpaxse of 90 feet (aneroid mear 
aurement). 

THE WHITKNBM OF THE WHITB MART.. 

Aa soon as the wide di»trll)ution of the White Marl and the Yellow Clay 
nnA tlm constaiicy of their contrast came to he Mpprcciated, attention wa.s 
directeil to tlie detenninution of the cause of their ditfei-ence. It is easy to 
nnderataud a gradation in texture and conipcMition of strata as one pa.sse:i 
from tlie mar;gin of a hftsin toward its center, or from the viciiu^ of seor 
cliflii and liver mouths, where the Bup|ily of detritus is great, to quieter and 
remoter places, reached only by sediment Ion*;- held in snspension; but it is 
not so easy to understand tlu sltiiiiM V«' an ;ilmi])t chan^'c in the 
sedimciititrv spfjiioTicp throii^hont an entire liasin, if the tnie expl.iMiition 
of tile ditference between these strata can iw ix-ac-lied, it shouhi contrii)ute 
something to the history of tlie lake. For the purpose of seeking such an 
explanation, the character of the two deposits has been examined both ehem- 
iciilly and microBoopteally. Two samples each of the Wliite Marl and Yel- 
low CHuy were analyzed by Pro£ O. D. AUeu of New Haven, With the 
results exhibited in Table UL 
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Tabu IIL— JMifMt Btmurtttt 



IL Wblia MAri ftM Mr Wmw »pdi«, >t tta 
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Prfibalil* rvinlillMtion of mIiiUIvi r.«n«tilanit«— 

Culcliim MalpbatM 

)lU{;tH«iulii aolfilnlo 



2.5S4 
1.444 



MOTS [ 



lid 

IKI 

S.Ml 



56. 7W 
1.47S 
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* Water iMt at i«w>C. 

I Waioi Inul 111 iiiiiiil"n, 

•The Uital •ft.lii .<r ths aalaUa Mttlon c»nM not bo olMalnnl hv ntapnnMInf la<]r>n»M. li'raiiM Ikai^.^ 

cblnrltl** would be iIimh rfoctfinpiiwd wlln lain of fa^vilriK-hlimc nrlil TIm> oouk'UmoiiU wnv dft<*riiaiM<il fmm aefMraio |iar. 

■ . .. . . • . .. Imil Ibii oii«. 

•TIh* mirfltun «tk<l«» rrporirti jmtoBj it»«t fmo-tanriita m ihi( iwint«<1 |o frr«. but lo in MMlintn nttmlr. A 

tfWM •TaliikarM «m baail la atcli liH*HH!i>: aiMl la tko 



tli»ii of Ibr MluUnii and ibrlr >iin wa^ MMimwl lii tbi- tvimiMilalInu Ui rapirvnl ibe Iota] Milabln nu'i 
atitiieuU vani tUtirrmlMMl, tbr ilHliicnd railn* w-milil lio nligblly iiiiM|lllr<1. 



ar tk* UlinI aail banb lawipla* lt« aaiaaal la aoaahdanbh-. 
•Ma M4> |»iMa ITA^wbiah la «ialMtaa» la SMI* aT XaROh, kATttg 
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The soluble constituents need not eont,eni us at present, for they <lo 
not materially affect the color of the beds. Indeed tlie characteristic colors 
are dverywhere reoognized by the weathered siufaoeB, from wluch die solu- 
ble materiab are nearly or completely leadied. Hie carbonic add in wb 
of the samples is nearh- i^ufHcieiit to satisfy the lime and magnesia; and it 
may he asnumed fi) Iiav c Ikm'h all cnnihiufil w ith those Iwwes. Tlie altimtna, 
iron, Hoda, and the reiiiainintr Hine and ina;riu.Hiu, tindoiihtoilly cxixt in the 
form of Hilicut08, while the unsatinfied silica m free. The microscopic 
chamcters indicate that the silicates ave chiefly feldspars; and if we assnme 
orthodase to he predominate, the bases are barely satisfied in the case oi 
one sample aiu! there is an ezOSw of siliCft in esdiof the others. It is prob- 
able that the following tiihle represents the constitution of the earths neatly 
enoui^ for the pnqvnses of the present discussion. 



Tabu IV^—Candented Retitlu of Jualf»e$ i» TaNt III. 
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Under die microscope the Wlute Mad is seen to oomtain, fin^ muneroiis 
minute cryatds exhibiting double r^nclaGu; second, minute piulacles, vp- 
panntiy dastic, likewise doubly reftactingi third, nlioeous oi^gamsms. The 
crystals are too small for raetisurement. Tliey appear in general to be 
tapering pyrninid-* who.se longer diameters are three or four tinie.s their 
shorter. Tliey undoubtedly rejireserit the cjirbonates. 'nie chistic matter 
18 conceived to represjcnt, in like maimer, the silicates, and possibly a portion 
of the free dlica. The renudnder of the silica, or po.s.sibly the whole of it, 
is contained in the microscopic oiganismsL These are psrdy diatomaoeoas, 
but include also numeroas slender tubes with punctate or papillate walls 
which may be spiculae of sponges. 

Unfortunately, si mtijfmfv nf the samples of Yellnw Clay wliii li ^^hould 
have beeu examined for comjmrative purposes, were lost in transportation 
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liefore tlio microsmpe waH np[>li<"*l to tltcm Tlifi nnly two preser\rfl ;ire 
fVi>ni H siiiilirtonil Uupt>:sit at ijt.'iiiiii<rton iiiul intiii tho type section in she 
Okl Kver Bed. Theiie exhibit onty roundL-d ^rniiu) of crystalline matttT, 
for the moat part clear, unoolored, and doubly refraeting. Neither diatoroa 
nor cryHttils wore ditN»vered 

In hriff, tlio Wliite Marl an<l Yelldw Clay ri'KciiiliK; ondi otlior in rom- 
pOMition, Init llio former is cliaracU'rizcd liy a rt-latively »rn at amonnt of 
fartliy <'arh()nat«'s and by fit'o silica, while in the latter the ar^^illaceous 
element predominates. In the former the carbtHintes were largely thrown 
doam aa a eliemical cipitato, and at least a portion of the Bilicaiaan 
organio precipitate The whitenew of tlie nutri appears to be largely due 
to its precipitated elements. 

Tliese differenees in the characters of the two deposits were nnqucs- 
tioii;d)ly detenniiied hv some event in the liistorv of the lake; (hiitii',Mlie 
intervening epoch of low water tho couditious of K&diiuontation underwent 
wune change. A double inteteit attachei to die deteiminalion of the nataud 
of this ebangej on the one hand its discovery would add an element to the 
history of the lake; and on the other it might lead to the establiehment of 
gome law of aedimentatiou hitherto iinn'copiize<l. Much th JU{rl»t has there- 
fore Ix^en given to f!if^ subject, Iivpdilicscs liave been framed and many 
experiments lin\ i> hicii made, but tlie results of the experiments are unfor- 
tunately negjitivc, and the problem cau not be regunled a» stilved. It is 
nee«MMuy, however, to gi\'o some oonsidemtion in this place to certain of 
the h}']iothe8es for the pnrpooe of showuig the grounds upon which one of 
tliem was so seriously entertained as to reodve a provisional publication. 

•OURCB or MATIEIIIAI* 

The simplest explanation of the diange in sedimentation is diat ihe 
nature of the material supplied to the lake by tributary streams was for some 
reason- difforeut. In the interval of time between the two epochs of deposi- 
tion, the tlefonnation of the earth's ailst may have wTouglit changes in the 
area of the basin, cifhor rutting off some importnnt clement of the detrital 
coutributioa or making some c<jually important addition. The prime Uiffi- 
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culty witli this h^'poUicsU is Uiat the configuration of the region offers no 
way of rendering it local and ooncrete. Th« calcareoitB tribale of tihe boain 
naut flow chiefly from the limestones the Wasatch and associated ranges, 

and the dniinaffe systiim hy winch it is c oiiN oycfl seems to have been entab- 
lii^hed boforc tho Fk-isroccnc. The poHsibility of an ancient mo<lific«lii>ti in 
the drainage system of tho Bear iiiver will bp dinrnsspd in the next chapter; 
but 8uch modifiuation, if it occurred, can not iiavc had so late a date aa tlie 
epoch of ilie Wlute HaH. 

COMPOSITION OP LAKE WATER. 

A second explanation ia that the cmiditions of sedimentation and pre- 
dpitation in the basin were modified after tlif epoch of tho Yellow Chiy by 
a cliange in the minenil contcntf! of tho water of tho Inke. Tt is well kriown 
that the precipitation of certain substances from solution is favored by the 
presence of certain otiier substances, and by yet others is retarded. It is 
e<i^ually well known that the fall of minute auapmded porticleB ia similarly 
accelerated by the presence of vanona subatancea: and th«r fall ia probably 
retJirded by other substances. Is there any ^ound for postulating a change 
in the mineral onntents of the lake which would account for the oliaerTed 
clmnge in the nature of the deposit f 

There are three ditJerent ehanges of this sort readily conceived. First, 
die water having been rdatively pure during the depoaitkm of the Yellow 
Clay, it may have acquired, during the interval of receanon, a large amount 
of mineral matter, so as to be a brine at the time of its second flooding. 
Second, the water of tlie first great lake, having been a feeble brine, may 
have h(i( <)ine so concentrated during the ejKich of low water a.s to precipi- 
tate iiM less hygroscopic minerals, with tiie result that, when tlio second flo<Hl 
came, a mother liquor was diluted instead of the normal brine. Third, the 
water of the ftrat great lake, having been a Aeble brine, may have been iu 
the interval not merely concentrated boi oomptetely evaporated, 1h» defe- 
cation prodiK t l)( iii<^ ininfrli'd with and buried by mechanical sediments, so 
as not to hi' redis.sol\ ca at tlic time of the secxmd flood. On the first sn]>- 
]iosi'tion, the White Marl e])i)cli was cliarnrterizcd hy a stronger })rim' tliaii 
the Yellow Clay epoch. On the second, it was ciiaracterized by the min- 
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erah peotdw to mother fiqtion. On the tJiiid, it we* chanusteriied by pnier 
water. 

Each of these portolatiMl cliiin^^t s may ho supposed to have acted in 
eitlier of two ways; first, tlie |M}cuIiar jiroiKjrties of the iiienxtrmini of tho 
wcorul flood may liav« caused tho pn'cipitatiou of an t xi t ptioually \AVj2;u 
pro|K»rtion of th« culcsireoiis matter in tlie i'enter of the hasin, and may 
liavti determined the asbumptiou of thu crystulliuu form; liucoud, ita prop- 
erties may have determined the precipitation of argillaceouB sediment noiur 
the shore, dmrehy diminishidg its importance in the center of the basin 
and tlm» increasing tlie relativr; percentage <tf calcareous matter No at- 
tempt has Iwen Tiinde to test t!ie first of these assuinptinns; ex]K»rimentally, 
for tlie reajion that tlie natuml reactions couUl not be fairl\ repi t st Titcd by 
die ncceii^irily rapid procestKiS of tJie Inboratury. It may be said, also, that 
the asemnption is less accordant with wliat is Imown oi the frtribidaoa of 
calcareotM mattw in the bown. From tlie second point of view a series of 
experiments was inatitntod, tho investigalion lieing conducted by my aasistp 
ant, Mr. I. C. Russell. 

ETjwHmei.t».-In t!u' (■(itit!ii(»f of tlicsc experimotifs no nttrnipt wh.s made to 
discuss the general problem of the properties ot dissolved ?>ul).-^taiicos as the 
precipitauts of ftediments, but attention w&a couflned to tUo specitic problem 
presented by tho lake sediments. With the excoi)tion of distilled water, tiie 
only materials used were those which occmr in the basin and are cfmeemed 
with the practical problem. The brine of QreatSalt Lake in various stages 
of dilution was assume<l to repivsent the water of Lake 13onneville, the 
(liliu'iit beinfjT in ench case the ajiproximately fresh water of some stream 
now Jriljutary to Great Salt 1.4ikeand anciently tributary to Lake Honneville. 
The flue sediment employed waa a Hani])le of tlie Yellow Clay. The water 
of the selected stream was mixed in various proportions with the brioe, and 
equal quantities of tiie mixture* were arranged In a series of similar vessels, 
the pure stream water and pure brine constituting tlio first and last terms 
of the Fcru s. E(|ual piiitidiis of {lie fiin lv (Hvidr'd clay were then twlded to 
each vessel and mingled with llic wate r by sliakiu;r 'n* stimng, after wliich 
the vessels were allowed to st<ind for several days and notes were made of 
the relative rates of precipitation. 
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The tint streara water employed wa« tiiat of City Greek, the aample 
being gathert^d at Salt Lake City. Tlif utrcam is not large, but its sources 
lie aiium^' nx ks fvjiii'al of tlu' ri'2"ion from whifli the water supply of tlio 
hny'm is (It rivt tl. riic results wen- pmnounced and apparently uuecjuivocal. 
'I'lit^ eluy fell rapidly in tlie water of tlie creek aud its deposition was 
ittdefinitety delayed^ ia the brine, and the variem mixtures gave a graded 
aerieH of rateii of Bedimentadon. It seemed evident that a relatively fresh 
coiiilitlim of the ancient lakemronli! favur tlie rapid precipitation of mechan- 
ical s<'«lirueut, would thus acoinnuiate it close to the shore, and would leavo 
the rnlrnrcnn-i <ir rlieniical jiroripitrttfH in relative prepntiderance near the 
center of ilie l)asiu. The provisional conclusion followed tlmt tJie epoch of 
tbiB White Mail waa chavacterixed 'by relatively fresh wata*, and fiiis waa 
IHiblished in a prelinunary presmtafion of the iavestigation.' 

It watt afterwards learned that the ezperim^ts of Ramsey, Brewer, and 
Othen hncl demonstrated the potency of minute traces of certain substances 
as prccipitants of sediment; and it Iwcame evident that in nnler to verify 
the results of the experiments with the water of City Creek, it would he 
uecessary to employ waters representative of a larger share of tlie supply 
of flie basin. Samples were accordingly obtained from Utah Lalns the prin* 
cipal Bonroe of the Jordan Biver, and fiom the Bear River at Evanaton. 
Each of tla*-'*- samples repres«»nts aboat one-third of the sujtply (if Great 
H.ih L:ik( : ami flu y may fair!\ ln' assumt^d l<>ty])ify the fn ^ll-^vnter stix-anis 
of the basin. Each was subjected to a series of exjierinn nts similrjr tt> those 
arranged for City Ci"eek water. The sample from lltaii l-ake yielded 
identical results. With the sample from Bear River the results were dif- 
ferent; it was found that the elay was prmsipitated with equal rapidity from 
Bear River water, from the brine of Great Salt Lake, aud from all mixtures 
of the two. It i.>< evident, therefore, that City Creek water is not in this 
respect a true reprOHentutive of the entire treith-water tribute of the basin; 

■ It IB not to be iinppofied tbat tbsaodiuiu chlurido aod other uiioeral coruititiu-i)tM<>r tbe Suit Lakn 
lirino rtiarti Ihe prrciliitatioii nf m-diiiiciitK. Thv exprriiiirnlii «liow mvrcl; ttiiil <li«,v |ir»niiit«- it Icm 
than th« niinrrnl roiiBtitniiniH nf tli" riiy Cn ck wm r 11;, »i tboy actually pmiiioic it, » ili ninii. 
atrutvd by eoni|turutiTe exporintenlH with diHtilled water. Salt Laka brliw auddiatiUed water agn-e in 
n I iinni;: » nwiannry nOklfl«H AtrM lndtSttll* pMM,bo(<lMap(tniicliMla«lMtiiiR«rth*Mm imhf 
br th« nioro rapid. 

•SwhA Ann. Bipt> U. 8. OaoL Hrrwf, pp. 19T-1SD 
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and wlnle the experimentB widi Bear Riv«r water do not negative the theory 
broached in the preliminary pubKcation, tibey serioudy weaken its support. 
It is A ctinous fact that the City Greek and Utah Lake waters, having 

similnr ])riipertic'8 an piDcipitantH, yvt differ widely in their mineral consrit- 
uonts ; and that llie water of Bear RiN er, whilo Ix liavinfir very differently as 
u precipitant, yet clo»c*ly n'send)!e8 in conHtitutimi that of City Creek. The 
accorapauyiug table of aualyjies (Table V.) shows that. the water of Utah 
Lake is characterized by t)ie sulphate of lime, while the waters tA OKy Greek 
and Bear River are characterised by the carbonate. 

Tjiwu MmmT C*«iMit if nt«k W«lm to A* Mt Uk$ Anhi. 

I. Water nfCltv CnrV.. takpti at uf Malti Sln.<'t. lllll TtUt tVj. HWiWlm M. IM 

II. Wfttervtf Knar lUriir, taki n At E^'anUoii, WyotviiDif, 
HL WMW«f OWi Uka, lakra I><K't.nil»^r IRk.1 



(L laklywa V T. U. Cb»t«r<l. II ami 111, by F. W. CIsrk*.) 
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Tlio postulate that the second floo<l dilutiMl a l)rine which by frnrtinnal 
precipitatinn had ac<|tiin*d the chai-acter of a mother liquor, wns tested in 
the folio wuig inaunor: Samples of the brute of Gix*at Salt Lalie were evap» 
orated until Tarioos portionB of the saline contents had been pre< ipitated, 
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and die remduar}' liqaora were then fluted witli distilled water ami com- 
pared with similar ^lutiou* of die Salt Lake brina It was found tliat itedi- 
meut MjMrated with equal rapidity from the liriiie aod the inothcr liqaom; 
and ]inriillt'l results were obtained from their (•4)m's[n»ndin<;r derivatives. 

The <ni!v dtn", th<*i!, of the )i1ferti;iti ve li y)«>thes4's sU'^f^'sleil alxtvu 
w iiielj finds any support in tin: exiH-iiuiental ruHultii is the oue of whieh pub- 
lifatioa hiM been already made, and tlio KUpport accorded it ia insufficient 
to inspire ooulidence. If tlie water of Boar liiver instead of City Creek had 
been firHt subjected to exix-rituent, thu theory would liavc heen at once 
abandoned. Nevertheless, since it. is not contntvcrted hy the exp«-riinents, 
iiud HI lire it iuis jiractieally 110 corniM'titur, it is pntper tluU its relatiou tO 
tins general question of lake liistor}- Ik- fully mt forth. 

DBPOaiTIOM BY OBSICCATIOM. 

Fully stated, it takes the following form. During the first ris<^> of the 
lake, <»r at leiust during that part of it representt'd hy the visible portion of 
tin' YcUow Olav, the Hiilitic tiintter was held in ?^f>hiti(ni in siirh projiortion 
tiiat tl.e preeipitalitHi til ineelianieai .sediment was shnv. Tiie elay intro- 
dueed by the stresmis and by the undertow remained iu husjieiuiion a lon<; 
time, aitd was tlierefore widely di»tribntod, covering the whole iNtttom of 
the basin. At tlie dose of the Yellow Clay epoch the boMiu was comjiletely 
deidcenti'd, the snliin* matter lKin<r gatheirrl in tlio lowest depression and 
there pre<-ipitated. The rainf'iM nf the ba.sin, however. <hd not (liiiiiiilsh to 
aliMihite zero, U!h1 oeeasionsil HimkI'* wnnlipd dctritMs into the rl( ]»ix.'SHion 
containing the .salt, until the latter wim either eoveml or intennin^Ljlud with 
merlianical jwdimeiit, and in either case effectually buried. It wan never 
redMSolved, and wlien the increase of the streams caused the basin to be 
( ('t1ni tiled, the water of the new lake was almost as fresh as the streams. It 
had the pnqx'rty of throwin-^ <hnvn .suspended clay with j^Teat rnpiditv, so 
that the {jreater part ofttic nnid bnnisrht to it by the stn-ams was deposited 
near the shore, an<l ciieniieal and orjjauic precipitutctt acquired rulativu im- 
portance iu thu cuuter of the basin. 

It is {woper to add that the process of burial by desiccation, hcra 
Invoked to account for the disappearance of saline matter, is not hypothetic. 
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except iXH rcfpinls the {(articular ajn)lu atu»u. It liu-s beeu fully (icuKdistrated, 
eKixseially liy the investigations of RuBsell,* that it in an actual proceafli alt 
Ktooies) of which are exhibited in the modem history of the small basins of 

I'tali and Nevada. Not only are SoltlbU^ salts found nu'n^led with the earths 
nf tile playas in all }»n»iKiitionH, hut crystalline layers have been discuveivd 
iM-nentli cartlix plmn d«'|Mi.sits; and then' !ire nnntenms naideni lakes of 
feeblf saiinitv ()ccu]»viii<j closed basins wliose ujij»er slojM's are covered by 
solifcrnuii Incustrino dcjMwitH of earlier ori^jpu, uud whotse saltH have never 
been discharged by moans of a lake outlet 

It is an emential part of tlie hypotliesia diat the lake was evaporated 
t4( dryness after tlu' deposition of the Yellow Clay} and tlw esfaldishrnent 
of the hypothesis would demonstrate an element of die corve of oscillation 
for which there is uo other evidence. 

ORGANIC ItKM Atmt. 

The fossil rt^niains yielded most abundantly by the Bonneville beda are 
tests of frosh'water univalve mollnsks. Tliese are found at all liorisons in 
the lacustrine deposits^ and are likewise imbedded in the tufa. They are 
best preserved in the White Marl, iuid are esjiecially abundant at tlie base 
and the ntinunit of that member. 'Hie specimens preservcfl in ilic b ellow 
Chiy ;iie fni<(ile, usually cnindtlin'^' on t'X|nvstirf to t!ic air, and only in raro 
instances washhig out w as to l)e found enrire on the surface. Tho.se at the 
base of the White Marl are limi» but of light weight and lusteriess, as though 
completely despoiled of their oi]ffanic matter. Those at tlio top of tlie Marl, 
]yiii<: fi'O' upon the surface of the desert, are still dense and brilliant, though 
completely bleached. They evidently l>elong to tlie etKtch in whii-h the 
lake wa.s (inally shrinkin;r. 

The first announcement of these inolltisca was by Hayden, wlio made 
a Kinall collectiuu iu 1870, publishing an account of it in his annual report 
for that year.' An earlier observation was made by Engelmaim in 1859^ 
but Ids report remained unpublished until 1876.* 

Ml«4ili>l[ical IliHlory ■>« l . iki I. ilnxitan, p|>. «>1hH^ aU-830L 
'If S, fjool. s«r*»>j' of W^ouiiu^, LfJO, p. 170. 

^ Kv|.iorati.nm i.. ro«« (b0 GtM( BMts of ITUh Is UU. Appudix I: GMtogiflal lapoit bf 

Bimtj EDgelusBO, p. 313. 

mam I 14 
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Lake bonmevillb. 



Th« list of specioR was WNnewhat hierea«ed by tlio coltoctkiM afterward 
made hy Howell and tiie vfritmr, and still further additiouB liave been made 

l)y the present Gii^lu;,--!! ;il Sm vi y. Tlielast and lrtr<r«'st r{»llcTtioii lian Injen 
studied by Call.' The full<nvh)(^ list is Itasml eliiiifly ou detenmuativiu. 

Un 9i MelUtrMH Fo—il: 



A'lnBtio gutoropotU — ConKnvnf. 
nyw balaimtiopba, Bijr. 
loidl, Baird. 

AninicoU ponte, HaM. 

ciiiciiiiittcDBia, Aoth. 
Flumiaioota fuoB, Hald. 

xinoT.-i, \ nr. iltjUleotil^Clll. 
Punmti»ii*lii luittrick. Say. 
Terrei trial gMUtofoiL 

liBMta, W. O, B. 



Cunvbirvni: 

AiiixlonU DOtMIUna, Lka. 
.<:|i1j^>'riiiii) dpntatoin, ItalcL 
A<|<>»<>'' gii'<i<'rMjiud«. 

lli-lianDia trlvulvU. Say. 
Cjrrautmi pmrvoa, tejr. 
LiMa«|il«M iitlttilfl% mtt. 

sumaani, Baird. 
bonn«vUl«aai«, Call. 

Liuinaui ita^jnalis, Linn. 
Phyna gyrina, Say. 

This list iucludes but one extint't fomi, Aninicola botitmnllctisis. Tho 
genua Anoitmla is repreaented ouly by flaky fragments, bat the abundance 
of A. nuUailUtma in the existing waters of the Great Bann, and its occunenoe 

in Pleistocene strata in other parts of the Great Basin, render the si)ecifio 
reference hijjfldy probable. Spharium, Gyraulus, Limiiaa, I'ht/sa, Valvata, 
anil Surrhx n were found oiilv on the surface of tho desert, but tlieir distri- 
biitiuu connects theta uinitistakably with the ancient lake. Tlie OstraciHhi 
are represented by a spocieti of Cypris, whicli has been found at various 
lioriions in tlie White Marl and Yellow Clay. Its occunenoe is iqiQradi<^ 
but in a few localities its valveB are so abundant aa to eonatitnte the entire 
inasx of certain thin layers. Diatoms alH»iaid In certain portions of the 
White ^larl, but have not been found in the Y( How Clay. Only a sinjrle 
ix c iincnce of vegetal matter lias been riotcil, ;it Iyemin;jfton, chts«> to the 
ancient shore, a stratum of the Velltnv Ulay contuius num(;rous stems and 
roots of a msh, identified by Dr. Goofge Vasey as belonjpng to the genus 

No mammalian n tiuiins of any sort liave l>een obtJiined from the lake 
beds {>ro{)er, but tiie alluvium of the deltas lias yielded bones at seveml 



■ On tlw <tnktwniiry nnd BMaut Uallwi* of IIm dtwt Uuin, by K. Slfaworth Cmll: ttnlL U. 1^ 
0Mil.aBrwy Va.li. 1884. 
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points. Such aj4 luive falluu under tho writer's observution ai-e so poorly 
preserved and so fragmentary as to convey no information vtith regard to 
tlie »peeies or even genera re{>reiteuted. A skuU Ruptioaed to have l^en 
olttaiiK'd from Bonni-villt- ^mv« ls at Salt Lake City, was idi-iitifird by 
1'. A. ('lia<llMHirntj as lM'l*m<fiii;r to tlii' Musk <ix;' but tin- writt-r has b»"»'n 
uitiilih' to snfisfv liiius<'lf ris tf> tin- precis*' Inculitv, and the clos^^ (iixtapo- 
sitiou of Tfiliary, rieititowiu;, and m-eut stmta makes the rt'lon-me to tlic 
FleUtocene doubtfiil. Kin*,' re|K>rta die dUeovery in poi«t-Bonueville grovels 
of BiaoH Ua'^nm and bone* of reindew (f);* and elejihantine bonen and 
ivory vrere taken from a post-Bonneville marsh at SpruigviUe, near tlie 
eastern aiiore of Utali Lake. 

'Vhf iiM'ji'i^TiK'^s of this jiH-ord !s sofncwhat n'iit;iik;i!])t' wIh'II wo 
consiilcf tiiat tlio ISoniioviUe iK'ds fo!i-.tiTui<- tlio surfiicr dt' the country 
throughout aeai'ly the extvut of tlu- <dd lak«! hottoni, and that tiu>y havti 
been travened in all directions by persons interested in the discovt-ry of 
fossils and aoeustomed to searching for them. It is evident diat the condi" 
tions under which the lake b<'<ls proper were de]»osited were not favorable 
for the preservation of vertebrates or ])lants or nainds. We can not believe 
that such orfrauisrns fnh d to Ix- rcfcived tin Irdce The aninuds wliieli 
dupuiiited their Inmes in tiie deha.s must oceiusionuHv have lu'en washed into 
deeper water. Driftwuixl must have found its way to the lake bottom, and 
fishes and Anodons, which abound in all the rivers and laiger creeks of the 
basin, must have inliabited tlie old lake while it was fresh. The faot that 
they are not preserved iU^stratcs the fallibility of negative evidence hi 
paleontology. 

jorNT STRtrtmrRB. 

The lower course of the Old River lied is tnMiehwl throu;fh Iw-ds of 
Wliiic Marl and Yellow ( 'lay, dcsci iidtnjjr northward witli the ^^ iitle shtpe «rf 
llieir tk'position. A few rods lia<"k Irom its edj^e lies the untiirrow«'d plain, 
but tho inuuediutu wall is wulptured by short gullies ulteniating with crested 
ridges of **bad»land" type. From a commaiKling peak it was ohsm'ed that 
the trends of the gullies and their brandies exhibit pandlelism, and the 

' Am. NutiinlU), vol. j.. ::i (Cit.'.i fioiri ,^«HI<akaTii1«iM,Ilv IS^WL) 
> OmL Bspl. Fortieth Parallel, vol. 1. |t. 4iM. 



Digitized by Google 



213 LAKE BOWBTILIA 

cause of this was sought and found by Mr. Russell. They are controlled 
by a compound and exteiudve »y»tem of jointo. 

Hie prindpot Bories trend ulrooat predaely nordi and aouth, and a Bob- 
firdniate aaries eaat and west. Tliey nil are verdcal and ittraight, and 

(witlihi each series) closely jmnillel. Tliey are readily trnced from top to 
liiittniTt t\f the wulls* of the lateral nivhies. mid not infrequently a vvnll 
exhibits a broad, flat, «heer face, cau.sed by the rx-riiosal of tlie clay frotn 
one side of a plane of jointing. Elsewhere the faices of the bluffs are but- 
traMdd by sijuare pihiaten, OF omamentBd by outstanding rectangolar col- 
unuis, the forms of winch Iiave bew determined by the two systems of joints. 
The main armyos leatUng up from the river IxhI arc coiuidlli d by the main 
Hystenj of joints, but nt a short distance bark froiii tin- liluff there is a trib- 
utary drainajj^e at ri^^lit anfrles to the primary, and ciintiullfd hy the cross 
joints. The edge of the desert pUiui is tlius marked out in a series of rudely 
rectangular blocks, which may be regarded as the incipient stages of the 
pilasters of the bluff. 

The lamination of the clap and marls in which the joints occnr istrRce* 
able across them, showing that there have been no faults ujion their planes; 
and t!i>' iihsfiice of fintlts is also attested hv the jx'rfcft cotitinuity of die 
uveii surt'jii e of the plain at a little distance from tlie river bed. 

Mr. UusseU's observations showed that the joints are not restricted to 
the spot where tliey were first detected, but are discernible generally along 
the margin of die river bed. It is impossible to trace diem upon the adja< 
cent plain, but tliero can be litdedonbt that they extend beneath it Tlie 
surface is converted by evt-ry shower into a plastic nuid, and in that condi- 
tion is w«'l<1<»d into contiTiuity, oblitcniting all trnc*' of strnctiirc. For aught 
that is kno>>'u to the contrary, they may exist in the lake IkhIs l>eneatii the 
iiurfiK'« ai die eonSn desert 

Through tlie pages of the American Joucnal of Science,* I called tlie 
attention of geokigiBtB to 1}mm6 joints, pointing out that they were not expli- 
cable on any ousting theory for the origin <if such struetureAi They are not 
faults. Their pandleHsni hIihws tlii v nre not sliriiik;ii;e <'!tu'ks Travers- 
ing I*leistoc<'»H» ImmIs th;it lie iininduiJitcrl ;nnl inuiistiirln d in tin- attitude of 
■ Aim. Joar. M aariea, vol. £t, HSm, pp. '£>-•/! ; vol. 34, llMi, fp. SttSU, 
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d^HNitiou, they cut not Iwve resulted from horizontul pressure and com- 
preimon. I had no eacpUumtion to offer, but my inquiry led totbe publica- 
tion of one BO accordant wiA the phenomena diat It at once takes rank as 
tlie working hypothesis for tlio origin of all jMi idlt l jointing « xt i jit ^laty 
cloHvncrf. It was offered independently hv {'rosl>y' iuul Walling,- and the 
f*»rce appealed in is the enrtliquako. During the passacro of an eartlKpiuke 
wave the earth material travei-sed in subjected to uitanentary strains of eom- 
preanon and tenmon in the direction of wave transniMvion^ and to shearing 
straliM, instantly revived, in a direction normal to that of wave transmission. 
At each instant the similar dements of tlie wave constitute a surface approX' 
iraately spherical or elliiMoidal, with the locus of wave origin at its center, 
and at anv- hwality renxite from the locun of oriirni sttcli Hiii-fnce is sensibly 
a vertical plane. Assuming the competence of the stniins to create a rock 
structure, their dii'ections and arrangement show that the structure should 
ordinarily exhibit vertical parallel planes. 

Under this tlieory the two series of joints at the Old River Bed indicate 
two earthquake directions and at least two efBcient earthquakes. Aa the 
joints exfeiid n-^ simple rcLTulai planes to the very margin of the oM channel, 
and as flic\- (letcnninc the dircctiims of aiToyos initiated iinme<liati.'l v after 
tlie excavation of tlie channei, it is probable that they were formed wlule 
the lake sediments were yet oontinuonB and unchanneled. We are thus tokl 
of earthquakes occurring just before die retreat of the hike haA bare die 
White Marl. 

That the Bonneville Rjwin was subject in nmiiK ville and po»t-Bonne- 
ville time to numerous earthquakes of the f\ pe nf t)to gn>at ralifornian 
earthquake of IS72, is abundant)}- siuivvn by the ])iienonieua »>l fault sc arps 
described in Chapter VlII; and tlie distribution of the fault scarps, so far 
as it is known, accords well with the strike of the principal system of joints. 

■ On the ciMiiftcMkm and mrigla of jaiat^tnu t inw. By W. 0. Cmiby. Fni«. BmIm Sao. Nat. 
HM. vol. n ISliai pp. 

■Ob the ocliiugr Joint OMhib By ILF. Williac. Ain.aH. Adv.Siii.MLai,llntiHlMatiBf, 
iai^p.«tT. 
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THE HISTOKY OF THE BONNEVILLE BASIN. 

THB I>RB-BONNSVI]:.i:.« HI8TORT. 

Tho Infest TortinT v scries outcTojjjHng^ within tlie Bonneville basin has 
a distribution qnite independent of the baitin. Hot only do its strata occur 
in the moiintains above ^ •hore-Imes, but tliey ovmMe «ome of ihe paawi 
on die rim of the hydrographic bftain and extend continuously to the drain- 
a;^'(' of tlic ^^luiko River, and poosibly to diat of the Humbohlt. On the 
other hand, the Neocene strata have not l)eeji found in the southern third 
i)t tile mneviUe area. It is probjil)h», tlicrcforc, that t\n: hydrography of 
the Ntoeene and that of the Pleistocene cunes|)»>ndid to configurations of 
the surface essentially difTercnt. The Bouncvillo Basin was not iu exbteuce 
during Ae pniod when the Neocene sedunenta were deporited} its hktory 
began at some htw date, after the deformation of the eBrth*a cmsi which 
elevated the Neocene strata u)>on tiie monntidn flanks had wrought iiii- 

portrait (•h;ii(«;eH in the face of the latnl. 

The anni fonnerly covere<l by the main body of Lak<' Honnc\'ille is 
now a plain, conspicuous for its flatness. Great Salt Lake, resting on its 
sinfaoe, has a mean depth of but fifteen feet; and a rise of a few feet^nly, 
as pointed out b^ Stahsbury, would extend it westward over the greater 
portion of what is known as the Great Salt Ltike Desert. The occurrence 
of sueli a plain at an elevation of 4000 feet alx^ve the sea, and in the midst 
of a region clmmrtcrized by mountains, afhiiits of but one exj)lanation, 
namely, lacustrine iiediiuentation. The narrow ridges that in places inter- 
rupt the continuity of the plain show that the district did not escape Uie 
gen«ral process of erogenic corrugation to which the Great Basin was sub- 

SM 
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jected, and there seema no reaaiai ta believe Uiat tiie (lisplaccnioats were 
hen km .profound titan dtevrhfiire. Cerbunly^the degradation of the sum- 
mits has been sufficient to lay ImrB in phices Camlwian and even Ardiean 
rocks ^^oreover, the habit <>t' tlu'Kc ridgon i.s peculiar, and itself indicates 
ImnHl. Tlie iionnal inountHiti ridge of tlie Great Biisiii ik acutely aerrate 
along its rn»st, and di.s|)lays naked ri»ck, deeply l arvcd into gorges and 
amphitheaters down to a certain lino. lielow that line the slopes are 
gtjntler, the contours are smooth, and the material ia alluvia!, the waste from 
die sculpture above: The gorges above and the alluvial cones below 
are to a certain extMit correlative, but the mass of the latter is doivedfrom 
the general degradation of the mountain snnunit an well m the excavation 
of tlip cfinynis. Tlic moimtaiji» .and buttesof the Suit Luke Dcsei-t cfdiform 
to the Grait liimn type in tiif f'himictci-« nf tlu'ir Mimmits. l)ut uif uliimst 
devoid of alluvial cones. Tliey npring from the plain tui abruptly that the 
firontiernnan as well as the geologiHt has reoogniaed them as incomplete, or 
ratheri as partial^ nubmei^ed, and has named them accordingly. One of 
them is known as Xewfonndlandt another as Silver Islet, a tltird, which 
towers 3,000 feet above its bjwc, as Granite Rock; and gi^iierically they are 
8|M>ken of aa "lost mountains". How deej) beneath the lacustrine plain 
their bases lie, it ii» iiupuiHuble to say, but 2,000 feet ib certainly a moderate 
estimate. 

Kot all of this lacustrine filling can be ascribed to the Pleistocene, and 
not all of it belongs to the history of the Bonneville Basin as such. Hie 
Neocene lake, and ])os.sibly earlier lakes, have contributed a shan^, and this 
before the hydrographic basin of Lake Bonneville wius estnbHsfn'fl. Since 
the c**ital)!ishinent of the bsisiii, sedimentation has been pntetun!ly eimtinnnus 
in its lowest depression. Il vve conceive the local climate to have under- 
gone a rh^'thmic series of c]iang«>s, the area of lacustrine sedimentation has 
alternately expanded and contracted, and has always included tiie lowest 
depreeuon; and even with a climate so dry as to nuuntmn no pereimial 
lake, the temporary floods occasioned by exceptional tttonns nmst still have 
continued the process of accumulation. Tlie situation of the lo\\ est d(>pre»- 
fliou may luive varied from time to time, a.s local displnccmcnts of tlic eaiih's 
crust modified the configuratiott, l>ut wherever it was, it was the scene of 
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aedimentatioii, and the eonBtant tendency of the lacwtrine proceK was to 
fi]l the minor depressions and reduce the floor of the bosin to A level Burfiuse. 

Tlie eveimcss of the desert plain tesfilie-^ tn its lacustrine nri^'n. 

The j)i-urcss lit' fillinir nii^lit have iK-cn inodilicd, but wt»uld not have 
been hiUjrrupte*}, hy an overflow of the water ot the hu«iu such as occurix-d 
m tlte Bonneville epoch. As long as the hashi was not drained to its lowest 
depths, those depths would continue to receive detrital deposits, and the out- 
flowing water would carry with it only the soluble products of the degra- 
dation «if the surface of tlie basin. Whether sucli an overflow ever tot»k 
phice is not apparent; l>tif if it did, we may he sure thnt its date was rem*»te 
a« cunjpai"ed to the lionneville epocli. 'I'lie h»wcr jmisscs of the basin's rim 
siiow no traces of an andent cliaimel, and the time ue^es^tvry for the efface- 
metit of such trace* must be reckoned as long in comparison to the antiquity 
of the Bonneville shore-tines. Upon most of the passes the process would 
bldude the growth of g^eat alluvial fans; and at Rod Rock Pass, where tho 
Boinieville di'5<'liar;/i' took place, the reconl nf an earlier discharjre could 
have Ihh'U obliterate*! only by tlie ivstoratimi t>\' rlie Mai-sli (Inn^k alluvial 
fait, uiid its* exteusiou so as to till the diunnei ot outflow for nmny miles iu 
Harsh Oeeic Valley. When we consid^ that no stream so small as Mandi 
Creek is known to have built a delta on either the Bonneville or the Ptovo 
shore, it becomes evident tliat surli obliteration implies a period vastly longer 
thati that consumed by the Bonneville oscillations. As far b:u k, tlien, ius we 
may hope tn (>l»tain a consecutive view <»f the lii«tor\' » if the basin, its waters 
liad no [Kiriod of discliar<fe save that of the Honneviile epoch. It was a clo.sed 
basin, and the area of its lake ituiface wan detenuined by the relation Ira- 
tween its water supply and the rate of evaporation. The hike area was, 
therefore, a functum of climate, provided the extent of the hydrographic 
basin remained unchanged. To avoid any )M>ssible nn8inter])retation of 
t!i( rlimatir history it is ini|)ortant that the possibili^ of variation iu the 
hydrograpliic basin receive full attention. 

The general altitude of the country to tho east of the basin is several 
thousand feet greatw than that to the west, north and sondi, and at least 95 
per cent of all the water flowing into the modem lakes is furnished by the 
eastern hi^^dands. These include the Wasatch Mountains, a portion of the 
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High riateaus lying to the south, a jMirtioti of the IJiuta Aloiuitaius lying 
to the ewnty and a mountaiiioiM tract lying t«> the northeast in western Wyoin- 
ing and suuthonstem Idaho. Tlie low coontry to the yrest of die bwnn in 
divided by mountun raugw into nunieronrt iiHlcpenehMit ilraiiiajrc districts, 
and thfst' liavo not Ixh-ii so tlioroughly studii'd as to iU>tiTniiiio wliat would 
i>i' thfir It V'lri>irra|)lii«' coniliinatldiis in tlu- tn'fut of" a more ir«*itfrous rniiifsdl. 
Wf know, liowevcr, that tiioy coiitributo nothing now to tlio wai^-r supjiiy 
of till; baiiiii, and that in Bonneville times tlieir tribut'i) wai< siuull; and wo 
are thtw a^tuml tltat in pre-Bomieville time« tlie supply from tliat mde waa 
not lew tlian at preaent It will be shown hereaftor tluU tho pontibility of a 
gn-alcr <'otitril)ntioii from thi-< region doett not materially affl-rt (lu> coiu-lu- 
>iinii^ in regiird to <-Iiniati' I he snrtic remarks apply to the region south of 
tlie Ks< a!!\nte Dewrt. Ndrtli ot tin- lionneville Basin tlie configuration of 
the country aliM>ut the walt-r parting doc« not suggest any posjiiblu change 
in it» iwsition during the period under oongtdenition. 

The water supply from the east reaches the lower portions of die basin 
by four rivers: the Sevier, tln' Jordan, tho Weber, and the Bear; and its 
drailMgi^ system is <'orrespondinglv divitl( <1 into hmr partfli. The Sevier River 
rises in what Dutton hat» ralli i! tlie ll i<xh Plateaus, and issepaniteil hv high 
divideH from the drainages of the Fremont, tlie Ksi^alante, the Paria, and the 
Virgen, branches of the Colorado of the West Tliu Pauujiagunt aud tlie 
Uarlcngtint plateaoA, which constitute tlie most tondierly elements of its 
drainage) are slowly diminishiiiff in area through the sa]^ing and receanon 
of cliffs, and tlie hydro};niphie l)asins of the Paria and Virgen are thus grow- 
ing at the expeiiHeof the S(>vier, A lews eonsid«'rahhf < hange of flu; opposite 
(eniliiii \ i.s in j)rogresH at the head of Moraine Vallev, wliere a ])hiteau 
draining' to die Frumunt liivcr is eucroai-hed on hv the ix'ression of cliffs 
draining to tlie Seviw. Tlie effi»et of diese slow changers uinm the water 
supply of the lionneville Basin can not have been important, and there is no 
evidence that any considerable tracts have bodily transferred their allegianoa 

1'lie Jordan includes among its brandies the American Fork, the Provo, 

tliC Sp:>iiisli Fork, and Salt Creek. 

It is quite jntssihle that Salt Creek has cliangetl its courw witliin tlio 
basin, and that it wad at one time cunnectcd with the Sevier aud not pcr- 
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iniinontly with the Jimlaii, but such a change it* uf no moment in thtfi con- 
nection. Americnn Fork aiul Spanish FoHc head RgMnst high divides, whose 
poflilaon nrast Imve been penminent for a long period. T%e same remailc 

apphcH to tlie ProM) Kivi r, luit ihere is one point in its course where it« 
(•liiuitifl iH not ooiitaiiH 1 h\ Hotiii rock sind its ^\ atcr couhl e}i-«il\" he clivcrte<l. 
KiimaH I^rairie is u Km«ll valley lyin*,' atlnvart the westcm end «if t!ic I'intn 
Il<uig<}. The Provo liiver crvissea the soulherli end f»f the valley, entering 
by otie canyon and leaving by anoAeri and the Weber "Bxvw in like inanner 
croBges its northern end. Tlie coniiginiition of tlie plun showa that the 
streams have not always been separate; at one time tlie Provo tnmed 
northward in tlie valley and was tributary to the Weber. Here, however, 
as 7n the case of Salt ('r(>ek. ihv mr>rl)fiontions of the dnunage do not affect 
tlie water supply of the Bontieville liasin. 

The <lruiu!i|re district of the Weber in so nearly embraced at the east 
by tlio basina of tlie Bear and die Jordan, that the only pordon of ita 
boundary ooinoideiit with that of the Bonneville drainage district is a high 
crest in tlie Uinta Mountains two or three miles in length. Variations in its 
pfmrse and dniiiiajre area are therefore uuiinportniit: to the present discis- 
sion; aufl the same rcmnrk applies to the American I'mk ;uid to the series 
of creeks issuing from the ^vest face of the Wasatch Mountains. 

The Bear is the most important all tlie rivars, and has nuuiy tiibii> 
taries. Its main branch heads in the Uinta HotmtainB, and, so &r as may 
bo judf.t'id from the maps of the Fortieth Parallel Survey, is sorrounded by 
high divides, affording little opportunity for transmutations of dnunage. 
Sniifh Fork and Thomas Fork, wluch join it in midcourse, occupv basins 
contiguous to those of Suit liiver and John Day River, tributaries to the 
Suake. These basins have been mapped by the Geological Survey of the 
Territories, and tlie testimony of the oontours b sustidned by that of Mr. 
Henry Gannett, who performed the topographic work and who statea that 
the conformation indicates permanence of draintige. In its lower ooorse 
(in Cache Valhn ) tlie ri^ er receives a large nun»bcr of tributarie;^, l>iit none 
of their drainage distriets extend to the rim of the Uonneville Hasin, Tlie 
sources of the river appear thus to offer no suggt-stion of an ancient variation 
of the dnUnage area; but there is one pomt in its oonrse of which die same 
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eaii not bo suid. Aft«'r n-reiviiifj the watt-rH nt Stiiitli h ork and Tliomas 
Fork, and bcforo entering Cache Valley, the river swuigs fnr to the north, 
approofhing very near to tlie rim of the Bonneville Boinn. At Soda Springs 
it \A aeparated fmm the south fork of the Blaokfoot Ri%'er, a branch of tha 
Snxke, by a divide ri«iii;; four or five Imtidrcil ftn-t al>ov«>tli(' Bear, \m\ only 
s!rtrl»tlv cIcvnt^Ml i)1»(n«> tlif Ulnt kfont. A f'l'W iiiilcH lowiT down it ctossoh 
tlu- KiititluTii t'liil ot a broad op. n \ v (Hasalt Valli-y), tlu* nctrtlit-ni end 
• «»f wliich is tniveivt'd by tlie I'ortiu'ut liivi-r, Hkewlsu a branch of thu Snake. 
Hie Portneuf is here die lower stream^ and the water iiaiiin<,r between the 
two riverfl runci dose to the course of the Bear. It is probably not more 
than oiu! nr two hundr«-d fiH't alxtvc th<^ b«-d of tho Ik>ar. In Sothi 
S|iriiij!> ])ass, the summit is formi-d liy basalt, lyinfj in horizontal sheets and 
associul< <1 \sif1i i iii<l( r cotK h mid other evidiMice of ret'ciit fniption. The 
principal masses are |»rnlKtbly mort^ aiu-ieut than tliii Boiuieville epoch, l)Ut 
they have not Kuffured tliow dislocations which are apt to be observed in 
this region in the case of rocks dating lar back in the Tertiary. It is believed 
by Hr. Gannett and by llr Gilbert Thnmjifion tliat tliehr eruption has 
aflected the dniinaj^e syst«>ni of the refl^on in ways that nro yet disecmible, 
and it is possible that they have wrought n Rep;n;itiiHi of the lllackfnot rind 
the Hear. If the two streams were anfitnth- uniti il. it is most proliable 
tltat the BWkfoot was tribntary to the Bear; but the reverse is possible. 

At the Basalt Valley pass the phenomena are essentially the same. 
The broad vaBey extending from the channel of the Bear to that of the 
Portneuf is covered thr«>u<,diotit by basaltio Uva, and portions of this lava 
ar« so recent that associated scoriacfniis rniters are still preser^•ed. Ik'foro 
the ( pm-h of eruption, tlie Hear an<i Portiieuf Hivers iriay have Iwen joined, 
and their united water may have flowed either to the Suake Kiver or to the 
Bonneville Basin. 

If the south fork of the Blackfoot were now to be diverted to die valley 
of tlie Bear Biver, as, acoording to lir. Thompson, it readily mighl be, the 
Salt Lake draina<re basin would In- Iik reaped by 350 square miles of upland, 
[f the canyon of the Portneuf belo\\ Brinalt Valley were danuned, «o as tf> 
tuin its wjiTer townrd Ik-ar River, 51") sijumc miles would Iw added to the 
basin. 11 another eruption were to dam liear River abuve Gentile Valley 
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and divert it to the valley of the Portneuf, the Bonneville Baain would lose 
about on«-fonrlh of its water eupply. AH specalatiou in regard to the pre- 
Btxineville dimate of the basin is therefore subject to the possibiBty that 
tlie catt^Iuni'iit Ikimiii Tiiiiy on the one hand lutve been alightly greater or 
may on the other have been very materially lew. 

ALLOVIAL CONES AND AMOITV. 

The principal evidence bearing on tlie pre-Bonnevillo htBtory of the 
faosin is embodied in tlie allttvial cones. These extend nearly to tlie bottom 
of the barin, and since they could not have been shaped in the presence of 

a lar}rt« Inki', it is t-inu-liulod that tlic ('Ihk'Ii of their fonnution was an <'jH)»-h 
of h>\v wat^T 'I'll'' fl(']K'tnIi tit »'ojichi.sioij that tht; |)it!-Boiiiu \ illc epoch 
was characteriztHl by aridity \n of such iinpoitanco that a httlc Hjmcc will 
bu devoted tu the atupliilcutiou uf these propositioiiH. 

The drainage of a mountain mass, starting in innumerablo rills, gathers 
into a smaller number of rivulets, and is finally aggregated into a very few 
main stn ams Id ftne isKuinj,' fmiii its i^elf-rarved gOtgeS. TliO outward l)onie 
detritus is therefore (hdivcix-d to the arljareiit valU'V at a limited numl>er of 
]initit'< w']):irat*'d by interspaees. Eaeh ]»i>iiit of insue IwcomeH the a|>ex of 
a sio|)iu<r mass of alluvium wh<»s<- surtace iiu-)iues equably in all diructiuUH. 

A series of such alluvial con«8 is usually to bo found along the base of 
each mountdn range, constituting a foot slope, the -contours of whiidh are 
acalh^ped. The topographic configuration which dius arises is peculiar and 
not lial»le to Iw confonndcd with any other. 

Tt lias ulmuly been Ktati d thai tin* alluvial lin«?es of the insidar rnnunt- 
aiiis 111 the Bonneville liiUtiii iirc Ijiiritd 1)\ lacustrine sediments. Tiiosc of 
the ]H'riph(;ral muuuuins are not so buried, or at least are not so dee2)ly 
bufiedf and the fonm of their cones can at many localities be traced down- 
ward to the loww levels of die basin. The shore-lines are locally marked 
upon the cones, clift's and ternuieH lx>ing excavated from thom and embank- 
ments built a<rainst tliem; but m Ik il' the eones are larjife, these modifiea- 
tioHH are relativeh- wmall and (h» imt nintcrially impair tlie fr<'!i<'nil con- 
figuration, (looil illustrations are to be tound in I'l-euss Valley, in White 
Valley, at tlie eaKteru buiie of the Deep Creek and Gusiuto Mountains, and 
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ou lx»th sides of I'ilot Creek. There are tiiu> cxumplt'rt also iu To<>el«? \ alley, 
Skull Valley and Blue Creek Valley. 

The phenomena of the Bonneville shores flluBtrnte the fact that the 
huiUling of alluvial coned is anre»ted by lacuHtrine condition*. Either the 
strtMini couBtructs a delta^ which is pn alluvial fan al)ovc> tlio wati-r l>ut ter- 
minates in a •i(il)rinT«^'-»'il rUff at the watiT crltrc; nr else, fh*» •ifrcHiii 1n*)n>; 
«inall, its loaii ot «ii-tiitiis is aljsoi Im-J by llie sliure driit. In the latter case, 
sonic* jR>int of tJie alluvial cone is usually trenched on by the wuves, a cKff 
and tenraoe being produced; and whenever the stream, which had previously 
sliifted its course over the whole surface of the cone, assnmes a direction 
leading to tllU cliiF, it is enabled by the lowerin<r of its base level tO excap 
Tate a more permanent channel, froni w lii< li it does not (juickly escape. 

It is thfrcforc h-tn'tinjate to rciriiid ilic I'nnnatiojv of nlhivial cones as a 
strictly subaerial process, and to <'onclude that the iionneville liitsiu cou- 
tained no large take during the pre-Bouneville period when its alluvial cones 
were formed. 

I do not overlook tlie possibilt^ tlmt traces of an epodi when the 

waves held sway may have been obliterated by the alluviation of a later 
epoch, but in m\' jn<l«rtTient stich mnsiderations <l<i imt impair the {jeneral 
conclusion. Witlun the masses of the alluvial cones there niav be l)uried 
tihore cliffs, shore embaukiuents, and lacustrine sediments, but the time 
necessary for the ohllteration in this maimer of .a record rimilar to that of 
tlie Bonneville lake is a» long as the time necesssry for the obliteration of 
a channel of outflow, and is certainly very long as compared to the duni^ 
tiou of the Bonneville epoch. 

l,et IIS cjtll this relatively lon^ «!|M»ch :mtccedent to tlm U<»nneville, the 
pre-li<»nneville eiKich. We have foimd ina-son to believe, first, tliat the 
basin liad tlien no outlet, and, second, tliat tlie baabi ilid not then contain 
a large lake. The sise of an inclosed lake bebig determined by the ratio of 
water supply to rate of evaporation, it follows tliat that ratio was small. If 
the hydrogrophic area remained un«'han};e«l, the w ater supply as well as the 
rate of e%-ayionition di jn mli d ujiDii climate, and tin- rlimate nnist havi' been 
arid, it the main bnuich of ik;ar River was theu tiilmtary to the I'lu tiicuf 
Bajjiii iuistead of the Buuueville, a greater climatic uhauge would have been 
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neoewary to flood the bai^n, and the indicated aridity of climate is oorre- 
spondingl J lesa. 

Tax \HmT-no-sywtT.i,K history. 

Tlie closinj;^ event <>f tlie lionnevillo hi.«itnr\- wiis tlitj (h-siccation of tlie 
hnsin. A few st;ijf*>s in the ittiremeiit of tin' ^v ati-r arc n'cttnlfil hv tliu 
Stansbury uiid lower Hhore-lintiiS, but very little intoi inati»»n is obtaiiiable in 
regard to the OBdliatioiis vihSsh may have interrupted the retirement, fur 
the reason that no natural seetions of the depoett» exist If oitclUatioiw took 
place they mttst have wroiig^ht the Buperpontion of littoral and snbaquoouB 
depOflito, bnt the rec^rrl i *f such superposition can be read only when ne>v 
g^tnienil condtttoo« i»lmU liave exposed the low^ reaelie« of the baeiu to 
stream eroiiioii. 

SUBDIVISION OF THE BASIN. 

One effect of the desiccation wiw the ttubdivision of the Uunueville 
Basin. Not merely was tlie Sevier De»ert set off from the baflin of Great 
Salt Lake, but a number of sraaller baaitut became equally distinct The list 
of independent draina^n* <li>ti i( ts int-ludes at the in csciit time the KHcalante 
IV^ir•t•t, the Sevier I>i >< i i. i'n u-s Valley, White N'alU-y, Snake Valley from 
till' Suit Miirsh southward, liusli Valley, Cedar V«l]f\', tlir> ui)|H^r portion of 
I'ucaleiio \ alley, the Pilut Peak batitn, and the baslii ot (imit Sjdt hake. 
It w ijomiible tliat Snake Valky contains two drainage Imtns instead of cm<^ 
and tliere is some reason also to suppose that the broad expanse of tlie Great 
Salt Lddce Dettert w<>st of the Cedar Range is a distinct baHin. Tlie mutual 
relationH and the relative size of tliose l)asins are shown in PI. XII. 

ITtree of tlient contain, or are ktiown to have contninofl, jR-rf-nninl htki's; 
the oduns liaxf plAyas in their K»west depit-fsions, where water ^atiiei-s 
aU'ter ev ery ntorni but does not jiersist throu|fhout the yejir. On the Great 
Salt Lake DcMcrt the eartli constituting the playa is excenhngly line and 
aflbrds in dry weather a hard surface of a pale yellow color. In places, and 
especially toward the inarf,'ins of tlie area, it is less compart, ami is HUjM'r- 
ficially coveivd witlt s;dine effloresi-enee. A little rain i-enders the surfat'i? 
Si ft and !tdh4 ( , :ind the dt-pth to which this chan<rc nin\- extend seems 
hinited tinly by tin; supply of moii>ture. The siune description appliei; to 
PkeuBs Valley, White Valley, and the Escalante Desert, except that the 



Digitized by Google 



DUNB8 OF OTPSm 



223 



pltiyiuf of the ImI two are lew oompact The Pilot Peak Btunn lies mutli- 
east of that moantain, and is separated from the Gteat Salt Lake Desert by 

the range known as the Desert Mills. The !<urfiice of its ])1n}-n \\m found 
by Stansbury to 1k> covert'tl by oiio or two iiicbt's of siilt. In tiie south- 
eastern iUij^lo of tlic Sevier Ilc^ert tlipi-p is a tract partially partitiono'l froui 
the freueral plain by a wri«?s ol coiilues of biusaltic lava, extr.iva.sated during 
th(3 Bouueville epoch. Thitt contains sevoral ])luyaA, nuirkiug localitiea wheru 
the dtainage is checked but not completely imprisoned. The highest and 
most Bontherly of these diflSftrs from all the others in that its material is gyp* 
smn. It is probable ibat tlie di | ir i i: I ; ]. ut of any special chemical 
reaetion, nn'l is <hie slin](l\ ii> tht? diHclitirj;;!- by evaporattiui of a miiienil 
dissolved tVom rlie rorks. 'I'lie Mtifaiiw wlioso waters oecasioiiallv flood the 
jdaya i iMi aiuotig sirata of Jurassic and i'riassic a<jc, and such strata iu a 
ueigliboring uiountun nwgu are known to be highly gy])Kiferons. The 
beada of the streams were not examined. It was ascertained by digging in 
the pUya that a pMtion of the depodt is amorphoiM and another porlko 
etystalliue. One phase of the precipitation residfs in the fonnation of small 
free ery^'tid^, whieh the wind sweejj^* from the .siirt'iice of flie i)la%';i and 
{jatbers in dunes. The dimes do not travel to a ^ri at distance, but are 
arrested by a low rhyolitie butt« imm by, to whidi ihey have given tlic 
name of Wliite Mountain. Perliaps no gypsum (k'i>o8it iu the world is ao 
easily exploited as this; it needs merely to be shoveled into wagons and 
hauled away. Mr, Kussell estimates that tlie dunes contiiin about 4')0,000 
t«ins, and a much larger amount can hn obtidncd from the phiya The 
depth ot the playa deposit was not ascertained, but it» area is indicated on 
Vl XXXV. 

SNAKB VAU.BY BALT KARaH. 

The lowest tlepi"e»sion in the Suiike Valley liimn c<»utaiiis wlnil is 
locally known sa a salt marsh; but the term aa here used deuotea sometliing 
very different from tlie salt marsh of tlie seasliore. Tlicre is no vegetation, 
but simply a shallow lake, which nearly or (piite disappears m Hununer. In 
winter it has a depth of aljout two feet, iM-ing then limpid and resting on a 
Ixvl of soft riHid. Near liie lake nro porfiniial fresh spritiL's whirls ix>plenisli 
the water lost by evaporation, in winter, wiien evaponitiiui is slow, tho 
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volume of the lake i&creaaeB, and ulta previously pm>ipttatod are rnSs- 
Milved. In summer ft more rapid evaporation diminiflheB the volume, pre- 
cipitating sodium chloride and sodium !«ul]>hnte iuid re(lucin<r (li<- l>riii(> to a 
iiiotlicr liquor. The pm-ipitato ha.s a depth of ahout H iitclit s. :uul a por- 
tion of it is i-nrli yi iii rt'Uiovi-d, to he i-inployt ii ,is a k a;^i nt in tlic rfdnc- 
tioii ot .silver t»re. Vhia removal lias uut been found to atfei-t materially tliu 
Strength of the brine, which w in «ome way vevupplied wilAi aatt' It ia 
believed by Mr. W. C. Bany, one of the owners of the marsh, that the 
supply is brought by percolating water &om the saliferoua mod beneatli the 
lake, and tiiin theory of its origin finds Kup]>ort in the phenomena of a series 
of tsalt marshes in Nevada examined by Mr. UusaelL 

Tlie lowest depreesinn of tJie Sevier Desert has probably been occu- 
pied by a laJce from the date of the earliest exploration nearly to the present 
time, but preeixe information in regard to it dates from 1872. P^nralante iu 
177(! oroesud the! Sevier river sixty <»r .seventy miles from the lak<', and 
learnerl by rejwirt of its existenee. Fninimt did the sjuoe in I St.', In 
iH'i.'J <iunnis(»n was killed hy Indians within a tew miles of the lake while 
on hi.s way to e.xjjlore it.* lie« kwitli luid iSimpsoii, who eondueted explo- 
rations in enntigutnis portions of the (Jreat Iksin in 1853 and 1859, were 
aware of its existence, hut saw it only fnnn a distance.* In 1869 Wlieeler, 
approaching from the west, visited tlie sonth end of tliit lake and determined 
its tru*^ position. lie was unaware of its identity, however, and, followinj^ 
an eiTor prevalent at that time, ejdled it I'li u^s L.ike.* It was reserved tot 

' Tlu' »lj»|riiifiit« rrKuriliii); lUix invntli »rn rhiirily hiuwil on «liM-rviitii»i> niiuli^ in the <if 
18J»-'r*0. 

' Reptirt )>y I.iciil. E. O. nwkirilli, ii|Hin tlM< mute near tlii> llsih auil X>lli paralli'lo, rxiilitrr*] l>y 
Clt|>t. J. W. (^iiiiiiiMiii : I'nnlii' l{allr«iiil Kx|il<>r»lUiiiK, vol. 'J, ^•2~^^, 

*CapL <l. H. Siuiiwoii, Exiiluruliouo arruM tbv Ureat Kaniii. etc., |i. Lieut. K. 0. Knekwith, 

<ara JNiigMi S Mid 4 »f (Iw Pnllmiiwi; Report at tlw Oenanl VyMiniM tt tke NtlitUT Bmoh. 
miMMM t1u«i«b 8Mtbeni KwrwU (IDOI] dudiir Ltaot. Ommh* M. Wbcetfir. S». [Ma i« print por 
ihihi» Iml iMolMbljr Son FnMMiaDiii iva ] Thia nport wh iwpriiiiaai in 4|Qnriv liinN »Mi mm abasgM 
tn has. Timnapftttfuri M M«ui|wnijr Itimrka "PrMiN L»t«*iRtlii»gM||niphie|iMillmi«r8«mr 
Lake. Tlw aUitkM oT tiM tl. a. Bmlmar Map at the W«alwni Tarritorie* tialail UOS giraa 4«*ter and 
Pneaa* a* mpmnU Maa, ami laoat prlTataljr paUiabeil map* iailow it, htit * naf «f Colton'a dUtad 
MM giraa flavin Lftka «Dly, nimiiiig islo U Iha rivw witfi vUab laagiiWjM had fiimiihad Fnnaa 
Ldtab 
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Liout. R L. Hoxie, Imviiig > liui ^x^ in |H72 of nno of tlie field imrtiutt of tho 
Wheeler Sni^ey, to doinonstrnte the full hydrography of the lake, determin- 
ing it8 fonn and extent and its relation to the tributary stream. The map 
prepnml by liis t(>|>o;rr.ipli<*r, Mr. I^ouis Nell, is copied in all modtTi) < i>ni- 
piliilioiiH. The writfr Inn! tlic pK-iisuro f<i iUHn»inpaiiy Lii-iit. Hoxiu, uiid 
lias since n-visitt'd tlio lorality. In 1H72 the Inkc jihutit -'"^ niiles in 
leuj^h iUid liud a wat43r suduru of IHH Hipiare niiies. it lias .sineo beeu 
ascertained that its maximum depth was about id feet, the northern portim 
being deeper than the nouthera. It» only affluent was the Sevier River, 
whidi entered at the north. Its brine contained 8.64 per cent of saline 
matter, conttiKting chiefly of sodium oliloridc and sodium sulphate. 

s<utB«i,-In January, IHHO, the Ix il of the hike was iiearlv drv, and whr 
explon'd by Mr. Willaitl !> .Folui.son, who was able to tmvel on ftK»t acrosH 
a bed of salt where the water had Ijefore been deepest. lu places thia bed 
was covered by a thin sheet of bitter water, but elsewhere its suiiaee was 
dry. It was reported by poraous resident in the vicinity Ht^t in the foil cif 
the y< av tlu' eittire area had been dry, and that this condition had beeu 
attained by the lake basin durinfr mie (ir two pi-eceding- seasons. On the 
2<>tli fif Auniist, tiie same vear, Mr. I\tis>ell and I visited the U>ralit\-, but 
tile eoiidirioii of the crust of salt di«l not permit us to cross it. it had prob- 
ably, in the interval, been (lartially or wlioUy redissolved and redepututed; 
and its new state of aggregation was loss compact 

Mr. Johnson cut through the salt layer at several points, finding a 
gencnd thickness of four or five hichctt; auid lie collected .<4aiii|)les near the 

eent<T (if the nrea. Ain>th«-r s<Ties of sartiple-s was (•dllccti i! Mr. I'ussell 
at till' iiiarn;-iii i >t the a ie;i : and at eilcli puiiit tlir ill ulrrl \ iiitr ••^ediiueiil.s were 
e-xplored to a deptii c»t a tew feet. The following iiw the recorded sectiuuti: 

1. nVp). Sodium KnliiliaU", 'i inrlixn. 

C. 8iMlinni »al|>hnl4i wiUi mniit MMliiiiii eliloride ; colMraat to Mo. 1 : I ioeii. 
:t. Sodium Bulphat«, tidgwl vilti pink, '2 iiieliah 

4. Gr»y cl«j «wiit*iii<iis wa«4y ttbns 8 inchwL 

5. Fine Band cooUlBiaf ftMk mfw iImIU, 6 laohM. 
C Off olagr. 

MOM 1—16 
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1, (TlB|^). Sixliutn cliliiriilo, furjiiiu^ :i culKTi>nt crunt : ^ iuch. 

9. Bmliiim cbloriilo, willi oodiuiii i>uli>li>U> and iuik(;uaitum sulpbatc; froe crynUll miagM witb 
WMar: U incbea. 

3b tfodiiini wlphatei with aodiui cblorido : • orart of eofaereal orysUU: { inch. 
4. Sadiaai MuMo, with Mgaarini mOtHutm; t p»i fc— t aqnWa o^mM wW watort U 
Incba*. 

&. Stxliiim cblorido, witb Mxliiim Kulpliittv, clinnir^tlly ideotlcal WlUlIbu S hat fioe-Kraincd aud 
with tbe eoosUrtauee of an ooi«; cairn whit* above villi tiwiaiiiiiiial paaagia of yink, paan Iwowlb: 
ihMli. 

0. HMkipaijrDiwl: Sieot. 

Tlie subjoined table of analyses exhibits in di tuil the constitution of 
the saline depodts in each section, and the c<)in]K»sitiiiii df the original lirino 

is [uhknl l(ir i'«inij)ariH(»ii. Tlu; cuii- 
spiruuus fact is that the Hudiutu m\- 
|ihate 18 conoentrated in the middle 
of the basin, while the sodium de- 
ride is chiefly dejKwittnl at the mar- 
The Hulphates of magnesium 
)uul |Hitas.siiini likcwino occur excla- 
-sivdy at the iiiarg^in. It is noto- 
wdrtliy ulbo tliat niafpieKiuin is ro- 
poi-ted in lai j^er proportion in the 
brine of die lake than in any layer 
of the denceotion prmluctis at either 
point of determination. The nia^- 
nosiiim chloride it>]>ortc*l In the brine 
implies three |M?r cent. <if niafj^ncsiuni. 
The niaignoHiuni milpliato in tliu 
richest layer of the desiooati(m prod- 
uct implies only 1.7 per cent of 
niaf^icsiiun. 

TIiu brine of the lake wsw analyzed by Dr. Om ui- T.oew; the desicca- 
tion ppMhu ts from tlit^ center of the area l>y Prot. S. A. Latlimon'; those 
from tlie marpn by Prof. O. D. Allen. The brine contained S.(i4 per cent 
of Halinu matter; the contitituonts are lieru re|M)rtod in percentages of total 
solid matter. Tbe constituents of the desiccation products are likewise 




Kki SI.^ScTirr Lukr in 1^3 (Krll). Ths wUla 
with Julu.<l li<>uo<l^ri» iibDW aalt kmlii la 1M> 1 Tllliliwnl 
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reporUjtl iu pcrccutiigoa. The fijjuren for tlio UAsi\ il(*iK>sit iire obtaiued by 
oombining Aooe of Mputtto layora, making allowwioe for relative 
thtdcnefla. 

A W4!r^ka after onr observation of tlie salt bod, Mr. Rus.se]1 and I 
scpariitely visikMl tlio «outlu«r!i ]K>rtion of tin; luk*; bottom, whore iho water 
had been rotnpanUivt'ly shallow. Near the nhl x!if)rc. aiul f.sj»ccially at the 
extreiiKi soiithcni end, the bottuin had the ordinary |)hiya t-hararter, a due 
mrth, liighly chtirged With «alt» for the meet part finuly oonijuicted, but iu 
places snfiened by offlonwoetico. Fartlier from diore a thin mwt of ttalt 
raated on a saline mud, and at the outermoMt point roociicd by Mr. RusKell 
tlie superficial s:i1t duposiihnd a thickni^ss «tf I j indies, eonsistiiigdiiefly of 
:i niniHt, incohuruut aggregation of crj'stala. Jieueatli tlib were greenish 
mud and mutL 



Tabu VI. Ama0m^BHhrlaktt)mltiall»ml'nim9l»miidBi*M>. 
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Tho desiccation of thin lake is to \xs tuicribcd to Iiuman agency. The 
water of its sole tributary flows for neaily 200 milee through valleys con- 
taiiung more or lees arable hind, and has gradually been monopolised by 
the agriculturist for tlio pmpose of imgntion. The supply is however not 
completely cut off. It in reported that during tlie spring freshet**, causc<l by 
the melting of the snow on the plateaus and mountains, the lake bottom 
ixiceivcK considerable inflow, luid that the desiccated condition obtains dur- 
ing ouly a p<wtion of the year. • 

The priudpal salt deposit was estimated to extend eight miles nwrtii 
and south and to have an extreme width <tf about five miles. The aceont- 
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panying ukctcsh shows the fonn and area of the hike iu 1872 aud the 
appioxiiQate extent and poflitfon of the salt beds in 1880. 

RUSH l^XB. 

The loweRt depremtion of Ruah Valley eontainft a pond or lakelet whidi 

lijus \m u iilist rvc»l to uikIoi^ considerable' flui tuatiim. It will be ix'called 
that Rush Valley in pre-IJoune\ille time drained freely lo Tooele Valley 
and that this drMiiiJi^rf' wan cnt olT !)v an enihanktnciit htiilt by the IVmne- 
Mlle waves. The lake oecupies a jMn tion of the oUl drainaf^ channel close 
to tlie embankmeut It i» partially dvliueatt^d iu tlie luap ou PI. XX. Tlte 
earliest record of it appears on Stansbury^s map (1860)/ but it is not men- 
tioned in bis text It is there assi^ed a kngth of about 1} miles, but there 
i:4 circumstantial evidence that no mea.surement wtis made. In 1855 it wsis 
im'Uuk'd in a military reservatiiui laid f>nt hv T.icut. Col. K. J. Stoptoe for 
the pnrpnsc of secnririf'' to the riiilit;u \- \>usx at ( 'aiiiii Floyd the meadow and 
pa.sttirage about tin; lake siiore. i'iie map made lor tlie purpcwe ot doiiniug 
the reservation, a.s»igued to the lake a length of 2| miles, atid mdicated that 
the water was shallow and marshy. The land surveys in the valley in 
18o0 did not include the military reser\'ation, bi}t showed the existence npon 
it of a lake. According to Gen. P, £. Gomnnv who succeeded Col. Steptoe 
in }^(''2, there was then only a Kmall pond, tlie remniiKlcr <if the lake hed 
heiiijf occupied hy meadow laud. In iSfi.l ilu; watt r iHigau Ut iucn-jwc, the 
gre^itost height being sittained in 187<j or 1877, since which time it has sub- 
Hided. The rise of die watta* submcrgod the meadow land and rendered 
tiie reservation usdess for its original purpose. It was th^fore officially 
rBlin<|(iished hy the War Di jukrtment in 1869. 

In 1H72, the wnf*a Ix iii;/ near il.s highest stage, the hike was surveyed 
it! roint«'<'tinn wifli tiic surrouinrtiifj t-niintrv liv fnie of the parties of the 
Wheeler 8urvi>y, and the length was (l<-u>rmined to l)e 4,J miles. 

In 1880, when the lake was visited by the writer, it was said by residents 
to Itave sliranken to lialf its maximum »«& llio pomtiou of the highest 

• Expl. aod Snrr. Valky oT tb* Orait B«li L«ke of Huh. hy >low«jtd SUMbary, Capt. Cotpa 
l^poR. Eng., U. & A. nilMl«(plii^ laiC. . 
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shore-line Wii» not jwinUMl out, but it is hclk-vHl to Ik- rcpn'sontwl at tlm 
north ond by a (roAi looking beacli, not yet covered by vcfjfvtntiiHi. lliis 
beach had a height above the water corface of iO feoi. The greiiteat Uepth 
of the water was ai^ei'rtninoil to W 5| feet 

At no tini(> <\i)VA tin* liikt' apiK-ur In have btn-n stronjfly saline. During 
ifs lii^r-licsf sta^c it w:is <n frcsli ;is i<i s««rvc imf onlv for tli<« watt-nug of 
stock l>ut tor ilitim'.stio hms and in l.s,S(t it was tar from In'inff umlrinkablo, 
tliou^'Ii too bnvckiiih to bu palatable, lu niincnil cuutuuts, judgtnl by tint 
taete, did not exceed one-half of one jier cent This ireeluuMH atamb in 
itroog oontnMt to the aaUnity of the Snake Valtey salt marsh and Sevier 
L.tkc. yet tlic conditions are in most respects nearly identi<-ai. Kaeli of the 
thriHf liikei) i« the evaporating^ pan for a closed basin; and each biwin in- 
cludes u valley plain slieeted with Uonneville M-dinients, overvwliere timre 
or lesM tuiliferuuH. Tho Miliuity uf Sevier Lake and the salt niai>h is thus 
endly accounted for, and only the freshness of Rush Lake is {irobleniatic. I 
oonoMve that the true explanation lies in the hypothesis of burial by desic- 
cation, already advanced to acootint for an element of the Ronnevillo hwtoiy. 
At some period, or at several different periods, tlie lake lias evaporated to 
drvnessT nn»l its snItiH' rnfitt^T li< intr thus jirecipitntcd lias be<'omo VmritHl 
Ix'iU'Utli iiii'i liJinii Ml sidinicnt. The last period ot' tliis kind wiw so it'CPtit 
lliat the substnpienl accumulation of ualine matter has uot given a briny 
eharaeter to the water. 

If this hypothesis is true, then' Sevier Lake, having by the settlement 
of the Sevier Valley been clian<red from a pereimial lake to an o<H'asional 
lake or playa lakf. sliould in the ciuirse of time lose its sitline chanu-ter. 
Every frt'sli<>t ot" the Sin i»T H!v<>r whir h csirries inech;mic;i! scflinintit to tlie 
lake but does n(»t pour into it a sutiicient body of water t(» redissohe the 
prccipit4ited salt, must mingle witli tliat salt a certain amount cS silt, and 
die continuance of the process will have the effect of obetmcting and finally 
of prevmiting the accew of tiie water to the salt The lake bottom will then 
lx> rcdiicfd to the condition of an ordinary playa, and should some political 
or industrial icvnhitinii afti i waxl stop the work of irrifjjition in tlw valley 
of the Si-vier and |)eniut tlie lake to be restored, the water of tlie lake will 
at first be fresh. 
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eXBAT MLT LAKB, 

The present UKvestigation Iiok added Ilttio to nur knowledges of Great 
Salt Lake. It wjw part of the t>ri<^'in;il plan t-o give U} It a snnu'wliat elab- 
onitc study, JUM^M-tainiiig the distnliiitinTi of high and low siiliiiitv within it>< 
aruu, the nature of tlio de^K^aitM fonmni in varioUH [tarUi of its bed, and the 
economic properties of its brine. It wuh propuBed a]iM> to mnke a tlioroug}! 
survey of its bottom, so as to aBCOrtmn tlie presence or absmce <tf subraeiged 
BlHwe4biei and playas. These mquiries^ having been defened until the end 
of tJie Bonneville investigation projK'r, were necc«!«irily abandoned when it 
was decidinl to hrin^' tli:it w<irk to an ininwdintP Hose. Fortunately, the 
hike HTcived careftd attention at the handn ot earlier exptditidiis and siir- 
veyK, niid itis lui*U>ry ia already an well known sw tliat of any oli»i.;r inland 
lake^ with the possible exception of ^e Dead Sea and the Gaaj^an. 

s«*qm<^It was Rttrvoyed and mapped by Stansbory in the years 1849 
and 18r»(). It wiw again riiaj)ped hy the Fortieth Parallel Survey in 18(i8, 
and the data for a thii-d nuip have »inee been gsvthere*! l>y tlie Sun'ey West 
of the lODtli Meridian. In rotinprtimi with the firnt nod serond of the«} 
Burveys auolyiHiS were nmdo of the brine, and the first antl thini ran nu- 
merous lines of sounding. AdditioniU data of value were gathered by Fre- 
mont in 1843 and 1^ various parlks of the Wheeler, Hayden, and Powell 
surveys. As a member of the Powell Survey, the writer made a study of 
the recent (willutions of the lake; .ind .a ftystoni of reconls by tneuUH of 
gauges, instituted at that time, has bccu coutiuuod by the U. H. Geological 
Survey. 

Dcpita.- The most striking feature of the hytlrography of the lake i-n its* 
rimllownesB. Tlie soundings taken by Stansbury indicate a mean de]>th, in 
18i!>0, ef about thirteen feet; and althoug'h the height of the water surface 
afterward rose folly ten feet, the ri.se wa^ accompanied by the ad^tion of 
sueh largi? arcJiH of shalh»w water that the mean deptli w.'w iiicmised less 
than feet. Tlte ni!»xinuim depth i-epertrd by Stansburj- is 36 feet, and at 
tlio liighesst stage, 411 feet of water wiis tound near the same place. 

<iM«i^.-In 1875 the first definite dutenuiuation of the lake level was 
made, and since that time a nearly continuoas record of its oecillationa baa 



Digitized by Google 



OEFTH OP GBBJlT SAUC LAKE. 



2S1 



been kept. A leas aocmatB knowlodgo of the change of level, based in 
part on tnididen, extinidfl Indc to 1845. In the following acoount of the 
OBcillatiiiiis, thu (lirort obMTvottoiw will 1)6 fimt desmbod, and aSbennad the 
indirect dctcnuinatioiiH. 

In the venr 1X75. Or. John R. Pnrk, nf Salt f.nkc Citv, ;it tin* HU-'-rt's- 
tion of Pi-ot. Jowph Henry of the Sniithsoiiiitii Institution and with the co- 
operation of utltur citizeiui, instituted a scries «f ulisorvntioiis. Thvre was 
erected at the watei's edge at Black Kock a granite block cut in tlie form of 
an obeliak and engraved on one aide with a acole of feet and incbefl; and 
Mr. John T. Alitcliell was enj^a;^'<l to olwervt* the water-height at itltcr>'alH 
of Ji few (la\ s. In IS77 Mr .lacub Milh^ of F4intiinjrf<"i, the inntancc 
of the writer, ertn-ted nejir tli;it jihice, in a slough connniinii "(liiii; with the 
hike, a jH»st of wood graduuted to inches. Uinm tliis jfuuge a hhujihI waa 
began in November, 1877. In the course of time tlie lake fdl so low that 
ita water-level could not be determined by either of tliOMO gauges, and in 
1879 ft thinl was set up by Mr. E. Gam at the bathiiiff reR<»rt known as 
I,;ike Slirtre. Tlir Lake Shf>rr <r;intre <'onsisted of a wooden j)ile driven into 
tlie rliiy lu ii of tin: lake and engravi il whh u scale of fw* and niches. Tlie 
continuinl recession of tlio water ren«lering it apptmsut that this {piuge also 
would eventually beoome uaeleaa, the U. & G^logical Sorvoy in 1B81 es- 
tablished a fourth gauge at Garfield Landing, a abort diataneo weat of ^ck 
Rode It consisted of a red-wood plank, witli a scale of feet engraved 
and painted, spiked to a pile of the ?;tenniboat wharf at that point The 
Survey also aHcertainpfl th relative height of the zeros of all the f75Ui<res; 
and as wmt- of tlieni wen- nf a pcnnanent nature, it eonnei-te«l them by 
leveling with a durable beneli-niark sot out of the reach of the waves of 
the lake. 

Tlie Blaek Bock bench, as it will be oonvwient to call it, oonaiats of a 
granite post alwjut three feet in length, sank in the earth all but a few inches, 
on the northern slope of a small limestone knoll just south of the railroad 
track at Black R^»ck. Its toj) U drowsed square, abmit 10 by 10 inches, and 
is markctl with a +. A sketch-map (i'l. LI) was made of tlie locality in 
1877, at tiuM of lh» eafadiiyumnt of the bench, and it ia hoped tint 
this will serve for ita identification at any ftiture tuMb 
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ObBervfttioiu of 1iik« level wen made on the Black Rock gauge from Sep 
tember, 1875, to October, 1876, and aingte obflervotions were made iu Jaly 
and October, 1 877. The Farmington gauge virm used from November, 1877, 

to Novpinher, 1879; tlio Lake Shore gauge from Noveinlx'r, 1870, to Sq)- 
tenibor, ; tlic Oai-fit'Id Landing gaugo fr«»ni April, \ to ,Innr>. 1S««;, 

T!ic (Jarlield Liinding giuige \va« inspccKMl \ty ini'nibeiis ot the corjw 
from time to time until 1881, when Suit Lake* City ceased to Ik) a ba»e fur 
field operatknw. In 1886 Prof. Narcin E. Jones of that city aacertauied 
and reported that the gauge had suffered accidents whereby its aero had 
been raised three OT four inches, but the dates of change voc imt learned. 
In Juno of the same year it was destroyed liy a H;t<»nn. Prof Jones tlieu 
begini ohsfTvatimis of the water h<»i<rht, '.uv\ ( ventnnllv pre|Mired and in- 
Htalled a new gauge, pUicing it near the ])o.sition o( the old one .it Garfield 
Landing, and fixing ita zero at tliu same liuight Tldn gaugt^ which will bo 
calksd the New Qarfield, is still in use. 

All of the gauges except the New Garfield have by various acddents 

become displaeed, so that the aiitln ritieity and coherence of the records 
depend wliolly on the leveliiiji; and otlu r observations coudiu ted to defer- 
iiiiiic tln' n-lntive lieights of tlic '^•niga zeros, f'otiiu'ction iK'twccii the 
Fanuiugtoii and Liikc iSlion> gauges was e«tiibli»hed by the writer by spirit- 
levd at tlie time of the institutton of the latter gauge. The Lake Shore 
and Qarfield Landing gauges, which are separated by a space of more diaa 
20 miU's, were observed sinudtaneously for a penod of Amv days in Mareli, 
1881, tlie lake being at the time little disturbed by wind. In 1877 the lato 
Mr. .T«xse W. Fox and the writer ran levels f]-oni tlie lilaok Roek gauge to 
tlie iJia«-k Roek bcneh; and in 1881 Mr. Russell, by the aid of the spirit- 
level mid the level afforded by tJio cahii lake smfaee, couueeted the Garfield 
gauge in like manner with the Black Bock bench. 

These various determinations, together with others, have been compiled 
and reflucetl to a system by Mr. Webster, wliusc r(»j>ort on the hjriisometric 
work perfitrmcd in connection with the Bonneville investigation will l>e 
found in Appendix A. lie has seleeted th(! ^eivj of the l^ke Shore gnuge 
an tlie datum or reference jmuit for ail lieights witliin tlie l>asiu. I insert a 
table of gauge lieights based on his compilation. 
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An <'xaininntion of Hiesc ol>.scrvntioiis, nr (»f tlie ciin'o jjlottetl from 
tlioiii, NlufWh tliiU the oscillutious fall ii^iuiily into two claj»sci»; tlic one peri- 
odic, coiiijiK'tinir it.s l yde in 12 montlw; tlio other non-p<n{odi€. Tlie curve 
in F^UTO 82 nhows tlio nature of d^o annual OBoillation^ being derived from 
tbe records of eight complete, thong:]! not eonNocuti ve, ywtn. Three puri< kIs 
went us(mI: Octolwr 1, 1875, to October 1, 187(J; Januaiy 1, 1880, to Jan- 
iiiiry 1, 18.H3; hthI NovrnilM-r 1, to NovfnilH.'r 1, 1887. Tlic nirv« 

lias a HiTigle niaxinmm, falling near the summer iiolstiuj, luid u Kiiigle mini- 
mum, falling five mcmtha later. The nuucimum is HKwe acnte than the 
minimmn. The range is 16 inches. The rise ooeupiee seven roontbs and 
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t)ui fall only live, but the most rapid chauge is tiiat jwrtiou of the rise oc- 
curring in May. 

AO 

ae 

The came of iltw annual vaiiation i» at once apparent The chief 

accessioiiH of water t«) tlio luko arc from the melting of snow on tlie niomit- 
aiius, and this ornirH in tlio sjmiij.'', occiwioning the rise of the water fmm 
March to June. Water cscapcH trom the lake only by evaporation, and 
evaporation la moat n^d in maoiraeir. Before the mfluz from m^l^wg snow 
haa oeaaed, it » antagoniied by the rapidly increasing evaporatioii; and ae 
soon aa it oeasos, the surface is quickly lowered. In tlie aututon tlie rate of 
evaporation gradually diminiafaee; in November it banly crpnls the tribute 
»>f the sjM-iiifj-frd stri-ams; and in winter it is overpoweivd by sudi aqueoufl 
pHMluct of mountain stonits jih is not stored up iti snow bmiks. 

It caimot 1m> doubted tJiat the natuix* «if the annual oscillation is modi- 
fied by tlie diverBion of water for irrigation, but au attempt to dieoover tlie 
modification failed. Aa the irrigation area steadily increased during tlie 
time covoml by the gauge record», it was conceived tliat tlx- infliu ik i <if 
irri<.nition mi{|;lit become rijijun-eiit if rrurves were scjinrati 1 \ dniM il finin 
the ciirlier n-i'ords ;iiirl tln' liitd', l»ut it was fount! lli;it m itlu'r the curve 
deduced from four years of reeoi-d l)etween 1875 and If^H'd nor tlie curve 
deduced from four years of record from 1883 to 1887 differed materially 
from ttie curve based on the whole eiglit years. 

o n i t M M ao pri«r to >»n—Ttmnng now to the indirect deternn'nation of oscil- 
lations prior to lH7;i, we have a eolleetion of circumHtantial and tmditit>nary 
<!nt!i wliif-h Huffieiently indicate the general nature of tlie uon-poriodic oscil- 
lations since tlie year 1H45. 
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From 1847 to the present time the isluidB of the Uke have been used 
as herd grounds. Fremont aiid Carrington iiihiiidg have been reached by 

boat^ and Aiitclopt* ami Stiiiisl)nr% islamls |)artly by boat, partly by fonliiig', 
and partly by land conniiuniiiitiun. A lur^'(> ^lllln■ of the iiKvi'^iitioii lias 
ln'<'n |H;rf(>nnwl by citizons of l';nriiiii;^ti m, iind tliu tAium in tlial iici^hbor- 
lioud 18 8o.flat tliat changes ol \yatt*r iK-ight have ut!Cc»iifitaU'd thMiuent 
changes of 'lauding place. The pm«ai|a of the boataneajwerf so greatly 
affected that all of ilie more hup6rtaiit fluctaatious were impret»8^d upon 
their memories; |and inost of lihe changea w6re so auodated with feature! 
of tlic tojK><rrai)hy tliat some cstiraate of tlidr qdantitative values could be 
made. Tlio data wliicli tluis bccnmo nvailablo were collated for the late 
I'roft'sstir Henry by Mr. Jacob iliUer, a resid»»nt of Fanuington, \vh«) took 
pai't in the luivigatiou. IIi» results afJTce very closely witli those derived 
from an independent investigation of my own, which has already bew re- 
corded in an essay on the water supply of Great Salt Lake, constitnting 
Chapter IV of P<»weirs " Lands of the Arid Re<rion." The followtllg pan^ 
graplis are transcribed with little cliangfe fmm that volume. 

Antelope Island i.s nviini fttd witli tlip delta of the Jordan River by a 
broad, flat sand bar that lia.s been usually Hubmer<.aHl but occa.sionallv ex- 
posed. It slopes very gently towards the island, and just where it joins it, 
is interrupted by a narrow chamiel a few inches in depth. For a number 
of years tliis bar afforded the means of access to the island, and many per- 
sons traversiKl it. Hy combining the evidence of such pt^rsons, the condi- 
tion of the foitl has bei'ii iisccrtniiiol up (n tlif finie of its final al>aiidou- 
nu-iit. Frnni 1K47 to Is.'in tlic liar w u.s dry ihu'lug the low stai^c of each 
winter, and in suiiuner coveivd by not more lliau 20 inches of water. I'lien 
began a rii^e, which continued until 1855 or 185G. At tlwt time a horeeman 
could with difficulty ford in winter, but all communication was by boat in 
sunnner. Tltou tiie water fell for a series of years, until hi IBfiO and 1801 
tlie bar w»« again dry in winter. The spring of 18C2 was marked by m 

iiiinsual fall of raiTi and stmw. wlierebv tln' stri arns were gresitlv Hoodi d 
and the lake siulace was niised several ietrl. In .sub.seijm'iit yeans the ri-** 
continued, until iu IHiib the ford become impassable. According to Mr. 
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Ilillor, tho lisc wns sonifwhal rapif! tmtil iSfis, frt)in wliioh date until the 
estubluhiueiu iti' till? giiug'es, tlu'ix; occurml (inlv iiiinnr Huctuatums. 

tiiufu tUiisv purugmpliii were writtvu the pul)li<-atiou of Fmiioiits 
''MemoiTB of My Life" haa afforded a vHSW earlier obiierviititm. On tliu IStJi 
of August lH4b he rode eerom tho dmltows to Autolojie khmd, the water 
nowhere .reaching above tho saddle girtlis.' 

F(»r the iHirjxisc uf fi»iiuwting the tmditiunal historj" a.s <h'rivi'<I from 
tlio fonl with the systcinatic n-con! afterwanl iiiaiigurateil, I visited the bar 
hi eoinpauy with Mr. MiUer on tlie I'Jtii of Oeloher 1.S77, and made eaiiiful 
souiidiugji. Tlio featun» of thu ford had beeu uiiuutely described, iuid there 
was no uncertainty aa to the identification of the locality. We found 9 feet 
'of water on die sand flat, and 9 feet 6 inche« in tlie little channel at its edge. 
The examination was coniplettid at 11 a. m.; at5p. m. the water stood at 
10 niches on the Bhiek Uook tDiu<re. 

The Anteh)|)e Ishuid bar tlius atlurdr* » toh'rnblv eonijdete reconl from 
1840 to 18Gi>, but fails to give any hiter details. It happeiih, however, tJiat 
the hiatus ts filled at another locality. Stausbury Lslaud is juiuud to the 
mainland by a similar bar, which was entirely above water at the time of 
Capt. Stanslmry's survey, and so contiinu i] for maiiy years. In IHd'G, the 
year folhiwin^f that iu which tlio Antelope bar beeanie itTifitrdnblc, the water 
for the first time eovcrei! flic Sfjuisbury bar, and its siil»i i[rh iit ndvaneo 
and m"e».sion have so adeeted tiie jmrsuits of the citizens of (irantsville 
who used tho i»laiid fur a winter herd ground, tliat it will not be diiHeuU 
to obtain a fiill record, by compiling their uu»dental obtiervatioua While 
making the iiuiuiry I had no opijortunity to visit tlmt town, but elicited the 
f(»11i»win;; facts by vorresijoiidenee. Sinoo tlio fitHt flooding of the bar the 
depth of water has never been less tlian n foot, and it has never been so 
gn-at as to prevent fordiii;^ in winter. Hut in the summers of 1872, 1873 
au<l 1874, during the iloitd stagu the annual tide, tliere wan no lU'cess 
exce pt by boat, and in tliose years the lake level attained its greatest heighL 
In the spring of 1869 the depth was 4^ feet, and in the autumn of 1877, 2^ 
feet. 

■Vail, p. 431. 

HON 1 16 
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The last item shows that the Stansbury bar is 7 feel iii{!:her than the 
Autelope, and serves to connect the two series of observations. 

Fitrdier inqairieB may render the record more complete and exact, but 
as it now Btands all the general features ol ihe fluetnalioiM are indicated aa 
far back as 1845, Beyond that time tliere is no tradition, but there is a 
single item of circumstantial evidtnci' \\iittliv <if iinnfloii. All about the 
lake shore there is a Htorm line marking the extreme juh iuice of the water 
during gales iu the 6umiuer» of 1872, 1873 and 1874. it is indicated by 
driftwood and other share delniH and is especially disting^QiBhed by llie iaet 
that it marits a change in veqgetation. In some places vegetation oeawa ai 
this line^ but usually there is a straggling growth of Im-baceotts plants ahle 
to live on a saline soil. Above the line, on all the steeix'r sloj^es m»t sub- 
jected to cultivation, the sage and other bushos flourish, but bekiw tlie line 
they are represented only by their dead stumps. The height <it' ti>in storm 
line above the coutemporaueous still-water surface! varies with the locality, 
being much greater on a shelving coast, over which the water is forced to a 
oonriderafale distance by the winds, and especially small npon the islands. 
On the east side of Astelopc Island it was found by me^isurement to be 
three feet abo^ e the <nmmer sttige of the lake in 1877, or about one foot 
above tlie winter st;><^e in 1M73. 

A lower stt^rm line was observed by Stansbury in 18.50, and has been 
deadtibed to me by a number of citisens of Utah who were acquainted with 
it at diat time and snbseqaenfly. The lake was thmi at its lowest observed 
stage; and the storm line was so little above it that it was submerged soon 
after the rise of the lake began. Like the line now visible, it was marked 
by driftwood, htkI n rrr<nvth rtf httslies, including the ssge, extended down 
to it; but Ixdow it no stumjis were* seen. 

The relations in time and space of these two storm lines contribute a 
page to the lustory of the lake. The fact that the belt of land between 
them supported sage bushes diows that previous to its present submei|;«nce 
it had been dry for many y( ars. Lands washed by the brine of the lake 
become saturated with salt to such an ext«>iit that even s;ilt-1<m"iinf plants 
can not live uprm them; and it is a familiar fact that the sage never grows 
iu Utah upon soil so saline ai> to be unfavorable for grain. The rains of 
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many yean, and perliaps even of centuries, would he netdeU to cleanse 
land abandoned by die lake so that it oould sustun the ealt-halmg bndies; 
and we cannot avoid tbe oonclndon that the ancient stonn line had been 
for a bng period the limit of die fluctoations of the lake saiface. 
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The curve in Fig. 33 euilwdies the results of direct observation and of 
traditional evidence as well as the inference from the phenomena of the 
ancient shore-lineL It is drawn as a futt line where based npon definite 

infonnution, and as a broken lino wlioro the data are less precise. Tlint to 
the left of the ordinale n'jtivsi'utiii}; 1S45 Ih intended to expn'ss merely the 
postulate that thvrp wvr^ then. u«i uftcrward, oHcillation)*, and the conclusion 
that those oscillationH did not exceed the le\el of the ancient sturui-liue. 
The annual oscillation is omitted; tlie non-periodic only is represented. 

The principal iacts illtnstrated by this curve are, that during the historic 
period in Utah the lake has twice lisen and twice fidlen, die second fiiUbdi^ 
ntnv in pro;»TeKH; that the second rise was carried five feet aliove a line which 
hnil i]ut 111 i n siiltim r^red for several decades; and that the total observed 
range of fluctuation is about eleven feet. 

OuMin la MM--The inclination of tlie shores is in many directions so grad- 
ual that tins oscillation of elev«n feet has been accompanied by very notable 
changes in the extent of the wattn: snr&oe. Fortunately, the two maps of 
the lake that have be^ n published are based upon surveys mad*- nt such 
times iis to illustrate this cliau<,'e. Stansl)ury performed his field work in the 
vears 1K4!' iuid !>i50, ivlicii tli<> Inki- w;is nt its low«>!*t f)!>s(<rv( (1 level, and 
the topogniphers of the Fortieth I'arallel Survey delineated ilie lake uiargiu 
in 1869, when the water was within a few inches of its Idghest stage. PL 
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XXXIII id compiled from the two RUtps eonjointly, ho as to exhibit the 
podtioii and extent of the belt of huid »ubmei]ged by the riae of the lake. 
Upon die Stambury map the water amfaoe lias an ana of 1750 mileH; upon 
the King, or Fortietli I'iiralUl map, au area of 2170 mflei, the mcremeut 
bein^ 24 jier cent, nf tlu' smnllcr finni. 

The ability of tlu- lake to ililate rapidly the water suriacc exjK»se<l to 
evapomtion must ordiiianly preveut auy great fluctuation in its height. 
T%e efleet of each tenipomry increment or decrement to either water supply 
or rate of evaporation is by this means quickly obliterated, and enm'ttlative 
results are ])revontod. Tlj© lako level mnst be conceived to fluctuate nor* 
mally within uan-ow IhiiitK, and the lust litL'^li stn<ro, in wliii li the water wa» 
not iiK'rely carried above the old stonn line, but niaintHined at a frn>nfer 
altitude for u period of ciijht or uiue yearn, may be assumed to iudityite 
some powerful and unusual cause. 

CkiMM •TchMgt.-Tlie foct that the exceptional lake nuudmum has oocuired 
during the occupation of tlie re^poa by the white man suggests that it may 
have been occasioned in some way by human ii{^'ncy; otherwise it.s cause 
ia natural, and i.s almost of iiccf'ssity climatic. Lot us first consider tlie pos- 
sible clinjutic causes. The liei<;ht of the lake is stationarv onlv when the 
gain from inflow and from rainfall on the water suriace is precisely balauiced 
fay the loss from evaporation. WliMtever in any year the total acoew pf 
water exceeds the evaporation, the BurfiM» lises; when the evaporation ex- 
cci 'ls. till- surface fall.s. The elements of * lin nte to bo considered are there- 
foif tlin.-,e which affe<.t the water siijiplv ;ui<i tlu- evaponitinn. The rate of 
eviL|i<ii ;ition is a function <»f the lix al tciniK rature and humidity of the air 
and ot the veUxiity of the wind, 'i'he water supply dtijHiuds primarily on 
the rainfiill and secondarily on the rate of evaporation, rince a portion of 
the water felling on the land ia evaporated, and it is wily the nnevaporated 
part which finds its way to the lake. Other things being equal, the lake 
ntrfkee should rise durinj; those y< ais in which the precipitation in niin and 
snow is ^cat, the temperature low, the relative humidity high, or the wind 
velocity small. 

Our climatic recoixl in the Coitlillenis is iinpcrfoct, but such as it is, it 
extends back neariy aa iar as the record of lake osdllation. Hie account 
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it affords of the wind velocity and the relative htunidity is not suffidentiiy 
definite to be of value in this connection; but the records of rainfall and 

tempenitJirn iiuiv |)n)fit}ibly In* coiiipaml. For this puqMisc I liiivo avniliHl 
myself of the statistic-; frJitlu rcd by the Smiths* aiian Iii--titutioii iunl discussed 
by Mr. Charles A. .Stlmtt in liis jwpers <>u the* j>ic< i])iiatinii nnd atinoK|)lu>ric 
ttjmpvruture of tlio Uiiite<l 8tate», ami tUow gathered and publiidicU by tho 
U. S. Signal Corps. 

Aqneou* preeipitation ia ao cajH^cioua in its distribution that the record 
kept at a single station affords no vallUlble indieatittn of secnhir ctianges. 
It 18 only by tlie condjination of a system of observations made at a group 
of stations, tliiit nnv trtistworthy indication onii Ite obtained. Fm the present 
pur])Oiie the .stations ot the Great Ha.sin and of the adjacent ptrtions ot tite 
Pacific Coast have been used, clioico being i-entricted to tlioae at which 
records have been kept for terms of years. Hieso are: Astorm and Port^ 
land, Oregotti Fort Pointy Sacramento, San Francisco and San Diego, Cal- 
ifornia; Boise City and F(»rt Boise, Idali(»; Salt Lake City and Camp 
D<iu<;las, Ffnli. In tlip n^luction of tlie ob.ser\ aliens the ]iro(i|»itation for 
each \ ( ar an<[ statii in lias been <livi(h'd by the iih an aiiimal jnecipitation 
for that :>tation, and tlie sovenil quotients have been ammged under tlieii* 
appropriate years. The mean of all tlie quotients for eadi year has then 
been found, aiid tiieso means have been assumed to express the relative 
precipitation for the sevenil years in the indicated districts. The carve 
xepre8entingthe.se means is reproduced in No. 1 of PI. XXXIV. 

A brief cxmsideration w ill show that this curve it not directly conipara- 
ble with tlie curve of lake oscillation, III. Assmninff lor the moment that 
the oscillatiouii uf the lake are determined purely by variations of predpita* 
tion, then eadi year of excessive prei ipitatiott should correspond to a vise 
of the hke, and eacli year of small precipitation to a fall A maximum of 
lake level would of c iir at tlif end of a series of years of jjreat rainfall, bat 
wfiiild not, except Ity a< i ldent, corre.sjmnd in time with a vciirof maxinunn 
niinlall. If the areti ot the hike nnd the rate of evaporatioti were constant, 
Uie height uf tliu lake level at any time could bo determined by the summa- 
tion of all the precedent precipitation factors up to that time; but the fact 
titat the lake eiqpands aa it rises causes the annual loss by evaporation to he 
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a function of the lalce's height The exceptionally great nttn&n of an indi- 
vidttal year, by inorearing the area of the lake, initiates an ezoeaa of evapo* 

ration which oventusilly eliminates Its inniu iirc fnun (ho curve of lake 
oscillation; the exceptionally small niinfall of an individual year, by (ruiiiii- 
inliin^ the nrcn of the lake, initiates a dcffrt of evaporation whT<"!t liki wiso 
eventually eliminates its influence from tlie curxc ct lake oscillation. The 
height of the lake at any time, dependent on pivt ipiratiou, is therefore to 
be derived by sneh an integration of the predpitBtion of antecedent yean 
as will ^ve the gi«ai«8t weight to the yean just p««wd and a progreeaiveiy 
fimaller weight tO those more remota An iategration of this sort has been 
madf>, and it* exprcMsod in the curve marked IT. It was arbitrarily a^isumed 
that the intlueun' upon the lake level of the precijiitation oi" a givtm year 
dimiuislied in uriilmielic ratio so aii to disappear in ten years, and the inte- 
gration w«a based on tiiis asnimption. For ezaanple, the fiictor tar 1870 ' 
waa nuiltiplied by ten, that for 1869 by lune, that for 1868 by eight, eto^ 
the iaetor for ISfil hcino; tho last included and being multiplied by unity. 
The sum of these several products was dis ided by the sum of tin- nndtipliera, 
55, and the quotient wtis assumed to represent the integrated precipitation 
&ctor at the end of the year 1870. 

The temperature was treated in a atmilar mamnsr. Prior to die insti- 
tnlion of the meteorolc^e obeervationa of the Signal Corpa, temperature 
waa observed at a number of military poets and a fcw cities, and the records 
have been compiled and discussed by Mr. Schott. These f>bservations have 
df>nhtl(-^s bppn rmitimnjd at imtst ] joints up to the prcsi-iit time, but they 
arc less accessible than those of the Signal Service, and the latter have been 
employed for the period from 1872 to 1883. The Signal Service stations 
in the region already indicated include Pordand, Ore, and San Francisoo, 
and San Diego, Cal, occupied for the entire period} and Umatilla, Ore., 
Visalia, Cal, Boisd City, Idaho, Salt Lake City, Utah, Piocho, Nov., and 
Pre.scott, Ariz., ik rupied for terms varyiufr from five to eipht years. For 
encli of these statiDtis the TTteaii of the annual ini ans ol' t«'nip«-rature wa« 
subtracted from each of the aimual means, and the residuals were arranged 
in oolnmna acMSording to yean. The mean of the reaiduats for each year 
was then dednoedi and the suocesnve mean reridnala were plotted in a curve. 
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This eurve was found to be almost identical with that derived from die San 

Francisco ohst i \ atidna alone and to be clnst-ly siinulatwl by the curves of 
the other iiidividual stations. It was tlicn fiirc di cmed legitiinntc to employ 
the Hau Fraucisuo curve wi represeututivo ot the district tor tlie period 
anteoedent to the mstitntion of Ae fiSgual Service obciervatioQs. 

The Saa FrandBoo observatioiM, however, were not employed alonei 
Iti. Sdiott haa eombmed with dram data from Alcatras Idand^ Angd Iiland, 
Fort Point and Firemdio, all of which stations were in the immediate vioinity. 
His results nre publiKlipd m tlio fonn of mean annual temperatures, and 
these hnvu J>een prejwrtMl t<ir tlie present puq)ose l)y subtnwting from each 
tile mean of tlie series, l^he i-esidunls thus obtained and the residuals de- 
rived froor the Signal Service observadona are plotted in curve Y of - PL 
XXXIV. This curve may be conndered to represent^ witib a fair degree 
of approximation, the non-])erio4iic oscillatioils of tem])erature within die 
indicated period in the distri("t of the Great Basin aiifl Pac ific Ci^nnt. 

Here, too, it h evident that a direct comparison witli the < tirvc of Inke 
oscillation should not be made; whatever the iuHuence of temperature upon 
the volume of the lalce, whether tliroiigh runfall or evaporation, it would 
be semi-cumulative. The temperature determinations Iiave ihttrefore biran 
submitted to the same process of spedal integration as tlie precipitstiim 
determifuittonsi it was again assumed that the influence of each yeai's 
temperature would diminixh m nritliinetif; ratio so as to disappear in ten 
years. The dcdui ed curve, IV, is far more n^giilar than that derived from 
precipitation, and presumably represents the slow secular oscillation. 

In comparing the integrated temperature curve with the ciure of lake 
oscillation the question arises whether the maxima of the fonner should he 
Otnnpared with the maxima or the minima of the latter. If temperature 
affects the lake chiefly tlmiugh rate of evap«)ration, the maxima of one ciu^'e 
should coincide with the mitiima of the nth(>r. Tf it^ rhicf influence is ex- 
ertetl through precipitation, the corresp«tndeuce sliould probably be found 
in the same way ; but about this there is difference of opii^on. Fortunately, 
it is nnneceBuay to discnss the subject in this connection, for whedier die 
comparison be made directly or by inversion, it is eqnally evident that the 
eorves are inliannoiuoii& 
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The integrated pi-ecipitation, curve 11, resembles the curve of oscilla- 
tion in scvcrnl partifiilnrH. Its ninxiniuin from ^H!'}2 Ui l^^nf) is rtimjKtrablp 
■witli tlie lake niaxiniiiiii in IHJjo and IH,")*!. Ita iiitiiiiiiiini from IHitfs to IHiH) 
is ooin})arable with the lake minimum in 18GU and 1861; and duruig the 
great maximnm of the lake from 1867 to 1879 the precipitatioii curve is 
for the moat part above its mean line. The only great dittparity occnrv in 
the y«RT8 is(i3 to 1865, when the pnM-ipitatinn curve shows a miuimura 
uiiivpn'st'iitcil ill tho cTirvp of Inkc riscillati«ni. Tlu* precipitation curve if* 
tliercf'm' on tlie whole similar, ami imlcj-d ifs correspondence is quite .is 
close as could be qxpectcd by one uhu n alizcs how imperfectly the average 
precipitation of a region vs re|)n^seuted by the observed precipitation at 
a small number of stations. There is> therefore, some support for the 
hypothesis entertained by many |M'rsoiis that the exceptional rise of Great 
Salt Lake which culminated in 1873 was due to an increase of precip- 
itation.' 

Tmiuug now to the consideration of the inHucnces exerted upon the 
lake by man, we find ihem separable Into two classes; iii^^t, those which cause 
A greater proportion of the predpitation falling on the land to be gathered 
by the streams and carried to the lake; &e<-ond, those Avhidt cause a smaller 
pro]>nriion of the precipitation to reach the lake. Tlie supposed influence 
of deforestiiif? on the Diinfid! itself ntH'd Tint Ik> discussed, becaUSe In tbis 
region no considerable body of forest has bw;n destroyed. 

Tlie chief intluence of man in iucreuiiing Uie iudovv of tlie lake is through 
the grnrAng industry. In tiieir virgin ooniStion many of die lowland valleys 
and all tlie upland or mountain valleys were covered by grass and other 
lierbaeeous ve^^etation. These liave been eaten off by the lierds of the wUte 

mun, nnd in their place has sjiniitjr tip a sparse r^rnwtli of Inw bushes between 
which the ^onnd is bare. From this liaiv .surtace it is l)('li<.v(>d fhnf the 
water falling a.s rain or freed b> Uie melting ol snow, runs oil more rea(hly 
than from the original gratis}- surface, so that a smaller share of it is evi^ 
orated in situ and a larger share flows tbrongh the water courses to the 
lake. This change has affected a laifje total area; and if Hs influence vpon 

TIh' (ilj'.i'H iitioiial dflt» di-.i IIH.1. il i Ihm' llii- yrar Ah iln' iiuiii-.iH 'i ipl ^iriis t.i 

Uivy arv nvnilalttc U> Itldtf. Thu later dat« have not l>rvn sfstcmaticallf Ircatotl, bot (heir iiiBi<ectioB 
■hoiwihiitthaf«iMnlaM«IiiilaDi«miMMil Ivthm. 
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water supply is here correctly interpreted^ H is a factor of inportanoe. 

Aiiotlu I fiK-tiir ot'tlic Miiiii' tcmlency is tlii.; tlniiningof marsheK and l>6aver 
|H>iitiH. .Miiiiy of tlif siimll stroama of the Kasin u i ic rlojr^jt'd by In-aver 
<lains, aii<l the ('oui*!<cs of wniu' of tlK^?**' liavc liccn (i|k ik i1 In' tlic w liitc iiiim 
fur tlu> |)iir|)OH(> of iiu'iva.sing th(^ su]H)ly of wator for irrijjation. I lie in- 
vreiUMHl supply ha» been ntilizcd for irrigation during a pt>rtion only of the 
year, and at otlier times has joined the streams flowing to llie hike. 

l^owing and irrigati<»i have tlie contrary eflect Land broken up for 
' iiltivatiou is thereby rendered more porous, so as to retain a larger ])ortion 
of tlie rain falHnfr njK»Ti it. This retainod portioti in <'hi<»flv rt'tnriied to the 
atmos|)ht'i'(^ by cvapoi-ation and is tlius lost to tiic lake. The elici l nf imga- 
tiou is jjrecisely siitiilur. The water divei-te<l fn»ni tlie »tre«un.s and spivad 
out on the land for the ])in-poseof nourishing crops is restored to the atmos- 
phere by evaporation from die wurface of tlie eoil and from the leaves of 
plants. In 1877 the writer estimated that the inflow of Great Salt Lake 
wa« <liininislu'd six per cent l<y this cause. 

With the f'Xfpption of irrigation, it is inipossihlc tn ^nve fpmiititativp 
expression to these factors. Tliosts whic:h tend to increase tiie lake probably 
culminated fifteen or twenty years ago, and have since ramuned constant, 
Tliose whidi tend to diminish tlie lake have increased continuously for the 
last 35 years. The time is probably past wlien the net tendiMM^ toward 
lake increment was at a maximum, but it is not entirely clear whether die 
present sum of hujurin si^'encics tnids toward lake expansion or lake c«Th- 
traction. In any case ilie consideration «»f the (jualitative relation of the 
sevemi fuctoi-ss sulKces to show that a cturve representative of the iufluenco 
of human agencies could have but a single maximum, and could not cwre- 
spend in detail witlt tlie determined curve of oscillalion. 

Ten years ago I discussed at some length tlic conijiarative merits of 
the climatic theory and the theory of human agencies,' concluding tliat 
neither wns inconsistent with tlie tacts and that (he frtilh might include 
both. 1 pointed out that the former appealed to n cause that umy be ade- 
quate but is not independently known to exist, while the latter appealed to 
causes known to exist but quantitatively undetermined Since tliat ttme 



Digitized by Google 



250 



LAK£ BONNEVILLE. 



the publicBiiQii of the lecond edition of Mr. SchottV diieiumoQ of nunfall 

and the profrrcss of tlic work of ilw U. S. Sigfnal Coqts have rendered it 
possible to i-onHtrnrt tlu^ most importatit «'f>inpnrntivc climatir nirvcs, and 
the subject is here resumed for tlie jjuqiose of exhibiting the relation of 
thetKi curv es to the curve of o»cillatioiu The correspondence of the inte- 
grated precipitation curve to the curve of hike osdilation is sufficiently close 
to indicate a causal relation, especially in view of die fact that rainfall is the 
dimatic factor to which hypothesis rnnst tiatuially appeala 

In the presetit asjtrct the prol»leiu, preoi|)itafion seems entitled to 
rank the doniiiiaul iai fcir, tlie n sTilts of its vnriatiim l)(/iii<,' (uilv slig'htly 
modilitil by tlie variations of temperature and the changes introduced by 
grazing and agriculture. 

VMMi cii i— n . T hose human agencies which teoA to increase the water 
iupply of the lake, namely, grazing and drsining, have acquired a status 
diat is practically permanent, but those which tend to diminish the supply, 
namely, plowinjr mul irrij^ntion, have not yet ceased to inerense. Tn 1877, 
when the coiibuniptiou of water by inngation was estimated at six per cent, of 
the inflow of the lake, the uitervcntion of tlie irrigator was restricted to tlie 
minor streams of the tmsin. Themainbodinof the Bear sad <tf (he Jordan, 
die largest of all the streams, flowed unimpeded to the kke. Since that 
tune, the diversion of the water of the Jordan hm been undertaken on a 
large scale; and the time can not be distant when its entire volume will be 
utilized. The l?car Kiver presents greater engineering' diffirnlties, and has 
not yet been brought under control; but s<^Miner or later a large district will 
be redeemed by means of its water, and the lake will be correspondingly 
deprived of tribute. Human agency is thus destined to play an important 
part in the determination of the future history of the lake. The next ten 
years will witness its shrinkage, for lack of affluent water, to a size smaller 
than lia.s l^'luie been ob-^en cd. It i'; lUit to be expected that if will ever 
share tlie lat<' nt" Si v ii-r J^ike, because the consci vatidn ot all llie stream 
water for irrigation is not economically ])racticable, but it will probably bo 
so reduced in volume as to precipitate a |x>rtion of its salt 

Hie final system of irrigation will include the storage in arttfidal 
reservoiis of the flood watw of all the minor streams, and wiU cause die lake 
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to be deprirud of all inflow except from saliuo creeks aud from the unused 
sbare of Bear River, but this system » not likely to be establiahed by the 
present genemtioin. The expfuunon of the methods no«r in vogae to ft limit 
dependent on the extent of the readily available nrnble land, together with 

the eonsliiiptitiii nf" n si imiiin on tlic iinist Jivnilnblc sites, w ill cinploy about 
two-fliinls of the water supply, and will pruportiuuately reduce tlie urea of 
the lake. 

One effect of such a contractioii of the lake will be to simplify its oat- 
line. Antelopei, Stansbury, Oarrington, Hat, and Dolphin islands will -be 
permanently united to tlie land. Beer River May will be drained nearly to 

the sotithem extremity of lVnnioiitt»ry, and the bay east of Antelope Island 
will be drained nearly to the noitbcni end nf tlmt ifilaiul. Tlie Jordaii, tlio 
WelHT, and the Bear will unite their deltas in the vicinity of Fremont 
Isknd, and will eventually 611 up all of the souud east of that island, 
reducing the lake to a linear body lying east itf Stansbury Island and the 
Promontory. With a lowering of the hike surface the projection of deltas 
will be a ra])!d process. Daring tlie recent high stage of tbe lake the chan- 
nels of the throe principal rivers have })oen convprted. m tbcir lower por- 
tions, inii) estuarii s whose slugg-ish currtiu lias permitted the aci uiiiulation 
of silt The volume of this silt has l>een at tht* same tiiue increased by the 
cttltiTfttion of the soil, an industry which always augments the detrital loads 
of the streams. The lowering of base-level incident to the falling of the 
lake Rurface will cauBO the Streams to erode this detritus and transport it to 
the shore of the lake. 

BaiiM coflttou -Anntlior effect will be the conreTitrntinn of tbe brine. Tlie 
lake is so shallow that its volume is greatly alu-cted by small changes of 
level, and suicc the total amount of coutaiued salts undergoes no appro- 
dable change, the strength of the solution is affected. Variations of saUidty 
have been observed by persons engaged in the manufacture of salt irom tibe 
brine, and quantitative ex]irp«s5nn lias been given to the same facts by the 
analy.'^es made from samples gathered at different dates. With tlic lako nt 
its lowest observed stage, l8o(), Stansbury collected a samj)!e oi' tlu' brine 
containing 22.4 per ccut of solid matter. From a sample gathered in 1873, 
when the lake was at its highest stage, Bassett obt^ned 13.7 per cent of 
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solid UMttn; At an intermediate stage King oolleeted in 1969 a sample 

contauun<; 14.H ])t r wnt. ami Talinagu in 1H85 and 1889 obtained 8ain])Ios 
yieUlinfj: K'l.l and l!t.(» per cent. It w<nil<1 appear from a comparinon of the 
cxtiTine results thiit witli a rise of the hike surface of 10^ ft'ct the salinity 
was dccreamid by 3iJ per cent, of its amount; and, asHuming that the quan- 
iSity of saline matter in solution remained unchanged, the volume of water 
in the hike was at the same time increas»>d 78 per cent 

While tlicso results are apj)n)xiinately true, they phould not pft«» with- 
out qTialifu atiou. Careful ottnipari.sons of the seveml detenninationB of 
8Hlinit\ ^^ itll the severnl dftfniiiiiations of density and with the correspond- 
ing detcnninations of heiglit <»f water suriace, reveal numerous disci'epaucies. 
The oompuuon of salinitieB with denstties shows that there are emm in 
detemdnationa of salinities or denntaes. Discrepancies between determined 
salinitieB or densities on the one hand, and he^its of water surface on the 
other, suggest several sources of eiTor. No collector of water samples has 
plaee<l on rf( unl fht- s]iHt wlicrc tlic ( nllccf ion was made; one may have 
stopjK'd near tiie mouth of a stream and «>btaii!( <l too low a salinity; another 
may have visited a lagoon of tlie shoi-e with abiionnally >aUuity. 
Btansbury and King iteglected to record the dates of samphng; and of 
the five samples analysed three were collected before the establishment of 
c^autrt s: rlu re is thus some unomtMUty in detenninations of the height of 
the lake when its briTio was sampled. 

The nccninpain ini; aiialvses eml.io.lv all our knowledge of the nature 
of the brine and they accord so jHJorly with one another that thoy wan'out 
our speaking with confidenoe only of the most striking cliaradeiisiics. The 
prindpal base is sodium, and this exists chiefly in the form of ddoride, bat 
also as sulphate; next in rank is potassium, and then fiJIow magnesimn and 
calcium. Despite the &ct that calcium carbonate is precipitated on the shore 
in the form nf an oolitic sand, none of the analysts have succeedefl in finding 
it in the brine; aTid it is pit)bable that the weighable r.ilcium tbuncl in two 
of the samples exists in tiio form of sulphate. The theoretic combination 
of amds and bases given in the lower division of the table is in the n»in 
tentative only; but the readiness with winch sodimn sulphate is obtained 
firom the brine warrants the bdief diat it ia one of the aetual constituents. 



Digitized by Google 



THE SALT LAKB BBIN& 



35S 



When in wiiiti r the temperature of tho water t\\\l> Im Iow 20"'' F., the precipi- 
tation of tliis tuiit be<rius, and it sonietiiues aci-unuilule!» in such (juuutity aa 
to bo readily gatli«nMl horn tho bottom, or is even thrown upon the ihore 
by the wavea. 

The dodlnni i-hloridt! Lih beoome the bsisin of a large industry, being 
manufactured for talde and dairy use as well an for inetallurfiric purpose*?. 
This industry an expanded sintf tlic rinse of iny work in Utah that a 
statement ot tin condition at tiiat time would iiave historieal value only. It 
in reiwirtfd tlmt the output in 1880 was 23,000 tons; in 1 887, 40,000 tons; in 
1888, 21,000 tons. For several yearn sodium sulphate cast on the shore by 
the wav^B in winter has been gadiered, and its ntilization for the production 
of various sodium .lalts of conmierci;\l impoitance i.s already undertaken.* 
The (pmntity of sodium eldoride etuititiued iu the lake is about 400 millions 
tons; of sodium sulphate, '60 millious toua. 

Tabu K. AMStm ^ WotrnfOmA MU lakt. 
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lite. Tlwflnt Hnptaaf witer vTMccllNtMl by StaasbiiT^, And iti* uinl>iM l« rriH^rlvilvn p. 41* «f lbs "Kxp«>4ltinfl 
Ui thp Or«(it >Utl 1>iikA." T}i*)i*mlfeit WAN mllftf-tad by tbn Fortl«cli Panllt-l Surrry, ami »i( t< ^M^ftf-^l m Hyalcmatlr Gt-oV^y, 
Vol- 1, p. '0"-. aa'i l>fM ri[iln. 'ietiloi;^-. tol 2, l». 43X Tli(» lLir«I wan riiI1i-t t«-il by I>^ '*S . t hi .Vu^uNr, lh7:i, ami I* 

refwrlciil in tbii Chfinicu] Neva fur Km-, 'lb, IgTt |vi>l. S^. p 2X1 liy 11. ItxiwU. Tlio r<Mirih alul Anb vrra coIlr«I«l by 
J. K. raUiiags la IVornWr. UttU. and Auj^iU, ud r.ra r»iwruil in Scicnon, Tol. 14, liW. p. 44& Gain rvportud tb* 
Hlu aa brra civ«i ia tk* Aral cvlumo vt tin Mc*ad lakl«, AU«b'» npon InotiidM tn> fonn, tk« hJu Mb( glna !• 
flu nit tin lUall* «ad ia tka atbrh JUkm't tgiuta, m prialii, an Ml pwtellj aoaililcat: tk* nfort af Uia 
wmtOird Mlla few W«a wid ia dariviac tW 4ga«M bar* jnUtabnd. BaaHM'k larait was yafeaatal ia Hw teat Iw* |l«aa 

imbolhin] rr'l<iTnnr>rtl!«flr<t tg'.!<' Tb» CkllM CMW tflMl}*!* II MHftMri <• «U«tlm)B tt* MN< lAkV, MIMMM 

II an.) Ill Taiiua r < rr.i^it. i.- J iWliHj hi thn rniTia fifm l> Ika <nt piM««tiaaaa«4 latla. Oalala utl TiL 

■atf*'6 ♦rrwfa «( atuUyat* do sot ap|M«r.. 

sooreea of saiiD* Matttr.-THn Roum^s of tJi« saliiic niat^'rial may be considered 
in two classes; the lirsl including: the rivers, tiio second the littornl springs 
The Bear, the Weber, the Jordan and a small number of creeks rise ia up- 
land above the horison of the Bonneville ihore and faring to the lake Crater 
which is aennbly fresh, containing only nunute quantities of mineral matter. 
A cordon of springs about the shore of the lako ri.so througli tlie Bonneville 
beds, and luo so far chnr|.n*<l with salts It ui lii il from the .s( i!iiii.'ijt?< as to be 
perceptil»l\ l>racki8h. With these shonlti In- rlasscd alsu the Malade River, 
the upper course of which is fi-esh, wiiile the lower is rendered bruckisli by 
the accesdon of saline water from thermal spring's rising in the bed of the 
stream witlun the Bonneville area> Widt only onr present knowledge it is 
impossible to say whether the frmh rivers or the brackish firings famish 
the (TTc :if(>r m\]hn' tribute to thelake^ Hie liven only have been subjeeted 
to chemical examination. 

The constitution of tlie Jordan wnt<'r was determined Iroiii a siimple 
collected in Utali Lake, the source ot the river, and this determination is* 
taken to lepresmt about ooe^Aird of the inflow of the lake. Bear River 
was sampled at Evaiuton, wliere the stream has probably two-thirds <tf its 
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luaximum volume Since tliin Hver furnisln ;]\wul half the water supply 
of the lake, the sample is taken to n-prcs^fiit nnc-tliinl of thnt supply. The 
two analyses exhibit the comititntion of two-thirdM of tlie fresh-water tribute 
of the lake, and it will be awuined tliat their mean diow» the character of 
the entire fresh-water tribute. In the following tahle this mean ia compared 
witii ihi6 analyais of the lake water as reported by Allen: 
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Rat* and P«ri<Ml of Salt AccamuUtioa—At thc time wluMI AlU'Il's BaHl|)lt' of bfilie 

was collected the lake had a mean dej)th of about If feet. The annual 
inflow tr» tlio lake has been approximately estimated as sufficient to add 5^ 
feet to its depth.' 

The lake volume is tlierefore equaled by the hiflow in tfaxee and a half 
ywn, and in that period the mlino strength of tlie lake is increased by on 
amonnt equal to the aaline Btz«igth of the inflow. DisregaMUng ior the 
praeent the supply iWun littoral xprin^rs, and considering only thf "^''[^ply 
from rivers, w»< mav, bv the uid i>f tficsc cnnMidcrationH, jleduce Iroiii the 
tnblc ilif time nc'<f.s.-^ar\' Im ^tmc in the lake tlic obsorvi'd aiiHumt of 
each of iu uiiueral con»utut-ntH. i iw retiulUi uf such coniputuliuu appear 
in the right-hand column of die table. 

One of the most oonspicuous features of these results is their variety. 
The Ktreams carry enough calcium to charge tlie lake to the observed extent 
in eighteen yean« but 34,000 years are necessary to similarly diarge it 

• Lmi^ (to ArM B^glMi, pk M. 
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with <-hli»rinp. Tlie explauati'm lies in tlic reliUivo supply of thcso sub- 
stumes Hud tlieir relative sululiiUty. la tho inouutaiiirt fruiu which tho 
rivers flow, cidcium ia afforded in unlinuted qumitity, while the sujtply uf 
chlorine i» relatively very onall. Chlorine, on the other hand, exiating u 
it in combinAtion widi Bodium, is hi^lily sulubU?; whfle cal( iinn, < xist- 
ing for the must part in combiimtioii with farboiiio aeid, is tuMringly «oluhle. 
Chlorine thtTcforo uc<-unmliit«'s in tho lake, wliilo calciutn is pi-ecipitatcd. 
It is a matter of obser>'atii>n that calcium carbonate gathers on the shoro 
uf the lake us oolitic saud, ami it i:j probable that it also falU to tlie bottom 
OB a marly oonatituent of die lacustrine sediment Caldom haa ther^re 
reached its limit and is an unvarying constituent of the brine. Hie annual 
acceanon is balanced by the annual jvecii^tatioa. 

*r\u} .same rctnnrk a]i[)Iirs t() tht* nifi^nosintii. It in presuinably precipi- 
tated with the <-.»l< iuin, jtist it was fnuu tlie wat*;r« of I,ak** TVmnevilh*, 
mid vhouiical aiuiiyHi.s ahowH that a small portion of it is accumulated iu 
die ooUta of die shore. 

The short period neoeaoary to accninulate the lake's store of sulphuric 
acid, 490 years, indicates that it, too, has p)i.s.sed the ssituration limit and is 
being precipitattHl. It ajipears to exist in the lake in the fonn of nodium 
sulphnte, and it i-< probably pre<'i|Htateil in that coml)iniitiou. The fact that 
sodium sulphate is dJscharfj^ed from tho lake by tho extreme cold ol winti r 
iudicated tliat it must exist at ordinary tempenitui"es in <piantitities not iar 
from die saturation limit; and it is found to be the first mineral to sejiarato 
from die brine when evaporated by insolation. 

There remain two sulMtances whoso lon{^ suxrumulation periods |M-rmit 
us to douljt whether they have reached tho staj^e in which acces,si4in and loss 
are e<]tiid. Sodiitm and clilorini', in th<'ir minhinafton ;is sorliinn rlil()rif!<', 
constitute the most aliundant minenil, and no analysis has intUcated liiut 
the brine is fully aatturated therewith. If it he true, aa auimised, tliat the 
annual supply of sulphurie acid is discharged from die lake by tho predpi* 
tation of sodium sulphate, the aoeumuUtion period for sodium chloride is 
not [)ro\)er\y repretiented by the period computed for sodium. It is more 
likely to be represented by the period estimated for the chlorine, namely, 
34,200 years. 
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If now we recaH to attention tlie tribute of the littoral Bprings, tem- 
porarily igiMired, it u at once appareut tliat our table ttudereBtimatcs the 
atiiiual tribute of sodium chloride and coireBpoudingly overesdmates its 

iu-cuinulation jieriod W'«! have no pmMjnt nu'aiLH of (It'terminhig the extent 
of this <»v('i('<ltinnf{', but w«» can .safely say that tlio jK'ricxl iR'cossarv to 
cliarge the hike witli coiniitou m\t by nioauH of tlie presput soiircrs and rate 
of sm»ply is iu»t more than 25,000 jx-arH. Shall wo toiR-luilo tlmt 25,000 
yeara ago the lake wa« frmhl or is there reason to believe that sodium 
ehloiide, like the other constituents) is beuig precipitated by the lake as 
rajadly aa recdvedf To this question a satisfactory answer can not bo given, 
but there are several considerations favoring the second nltornative. First, 
the circunist;\ii('ps connpi tcd with th*' old storm line, f<i w liicli reference has 
already Ix^en nuule, indicate tliat tlie laice was smaller and thei-efure more 
eonoentrated, fw at least a few decade prec«fing iha seUfement <tf the 
country, than it has been since. It may well be that a portion of tlie salt 
was thrown down during this prehiatorie period, and that it was combined 
with mechanical sediment in such way as tO be preserved from rcaotu* 
tion. Second, it is kti<nvn that uinh^r Hjvocial circumstHncos salt is now 
])rei'ipitated at bonie points on dm margiu of the lakt;. Where a broad 
expanse of water near the shore is exceedingly shallow, the local evapoiu- 
tion is not coin])ensated by the circulation, and the lesultiug high concen- 
tration leads to a diseliarge of salt lu pasnng from Grantsville to Stansbury 
Island in 1881, Ifr. Russell rode f(»r a mile across a deposit of this charactw 
an inch in thickness. Such a deposit as this would un(h»ul)tedly be redis- 
solvod if thp liikf rose, or if it fell so us to |>ennit the actinti cif niiii; but 
the fact of ii.s formation indicates how trivial are tlio coutlitions wliich may 
determine precipitation. On tlie whole, it is not unreasonable to suppose 
tliat each of tlie mimma whicli occur in the ordinary history of tlie osnlla- 
tions of tlie lake marks au epoch of precipitation, when a portion of the 
saline matter is discharged and a smaller pmlion is so c4tmbiuod with 
odier sediments as to remain a peniiaTient deposit. While it r;in not be 
true that the animal prticijiitatinn counterbalances the aiiiiii:»l supplv, it 
is quite conceivable that a centuiy s precipitatiou dis|ioses of a century's 
supply. 

vox i I T 
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Th«ire fldems thus a pownbility, If not indeed a probability, tJiat none 

of the t^ubstnnccs which liAvo been qwuititattvely determiued in the hriue 
and in tlic tributary rivt'i-s are umU'rgoing accumuhitioii in tlic hike; but it 
does net Inllow tliat this equation of ru])))!}' and discharge hm* snbHS^ted for 
a long period. There are certain soluble but very rare Hubstances, such as 
the compouudii of boron, lithium, iotline and bromine, which tend to accu- 
mulate in inland lakes of great antiquity and bave oome to be regarded as 
the diagnoetic chaxacten of ag«. Only one of these luis been detected in 
the water of Great Salt Lake, and tlint oin; is not f«»und in incasurablo 
(jinmtity. The conclusion that the brine is ret < iitly accumulated accoitls 
with the facts dorivf'fl frnm tlie T^niincville history, t'ni' at tin' time i*f (lie 
outflow the salts stored in the liike nmst have l)efn iliscimrged Ik yiind the 
Vmuta of the basui. The age of the Qreat Salt Lake brine can not then bu 
greater than the antiqinty of tlie second Bonneville flood. 

We nught conclude tliat the age of the brine Is precisely equal to the 
antiquity of the I^onneville flood were it not for the possibility that the lake 
h.iH since then been frf^lu iuil by dc^ireation. Russt H finds excellciit n'ason 
to believe that in the Lulioiitaii basin, which is in m;iiiv respects a duplicate 
of the Bonneville, the tlouJ epoch luxn been followed by one of very low 
ebh^ in firhich the residuary lakes have so dried away diat all their saline 
matter has become entangled with medumical sediment* A more recent 
accession of water has ])roduced a number of digfadybraddsh Iskes, whose 
feeble brines contain in their constituents no hint of great age. If the 
Salt Lake basin has passed through a similar nic^nt epoch of desiccation, it 
is not easy to see how we should become cognizant of it. Provided the 
antiquity of the epoch was sufficient to permit the subsequent accumulation 
of the sodium chloride, the chaxacter of the brine would be substantially as 
we find it For the present^ at least, we must xegard it as an open quos- 
tion wheflier the exirtiog lake with its characteristic brine dates from the 
cessation of Bonne'rille overflow or from a subsequent epoch of eztreme 
aridity. 

pasaa.-Tlie auiiual life of the hike has been described by Packard, 
who finds it to consist ot two spedes only, a brine shrimp, Artemia gracUis 

'QmL Hiik vtLtlu LitoDUn, pp. SM-8aa 
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^'e^Till,' and tho larva of a rty, Kithydru ynu dis Piu-kanl. T'lieso iiro v»'ry 
abundant in certain eoaaoua of die year. They feed upou ulgn;, of which 
three »pecie» have boen recognised The meagemess of tliis &uiia is to be 
wcribed to tJie rarity among auimal apecies of the power to live in eonven- 

t rated bn'iie. Packard adcribesi tlie phciioracual nbundanco of the At h mia 
to the alisi'iicff nf ciiemR's, for tho hriuo xvistniiis ji" <-.'iniivon>us HjuM-ics of 
any sort. The fi^enus is not known to live in fresh wMw m- w.ww <if f. i l»l<» 
sidinity, but it coninioidy nudccs it.s aitpearance wiicn tccbly f-uHne watfi*s 
are concentrated hy e\ aporaUon. It has been ascertained that a European 
species takes on tlie characters of another genus, BratKhiitecta, when it is 
bred through n .series «>f {^ennrations in brine (rra<hial]y diluted to freshness, 
and conversely, that it may be derived from Bramhimdu liy gradual 
increase in the salinltv of the inediuni. It is fcnnid, iiioreover, fiiat its eirsrs 
reiuuin fertile for indefinite periwis in tho dry condition, so that whatever 
may have been the history of the climate of the Bonneville Ba^siu, the 
2)resciit occurrence of die ArUma involves no mystery. During the Bonne- 
ville epoch its ancestors may We lived iu die fredi waters of die basin, 
and daring the e]X)cli uf extreme desiccation, when the bed of Great Salt 
Lake assunuKl the playa ci>nditio!i niid wns dry a portion of the vcar, 
thp persistent fci-fi!itv of its fjrjrs iii;iv liiive prcsLTAi ii tlie race. Or, if the 
jilayu condition with its concomitant sedimentation was fatal to the species, 
it may be that the alternative fresh water form survived in upper 1«]u» and 
streams of the barin, so as to restock the lower lake wheuev«: it afforded 
&vorable conditiima. 

THE GKKERAr HISTORY OF nOXNRVir.t..K 08CTT,T.ATION8. 

We may imw asseudde the conclusions derived from tlie discussions in 
prcccdin<; chapters and iu tlie ])rucediu{r sectioiisof Uiis chapter, and exhibit 
a complete history of the oscillation of lake suriaoe within die Bonneville 
• Basin, so far as it is known. 

The relation of the alluvial cones to the shore-lines, ami tlx < ondition 
of the low passes on die rim of the basin, show that before the iioiineville 

'Anodognph vf tit* Phjrltapod Cn«lM»» of Katth AMiioa. By S. Ftokfthl, Jr. U. 8. 
a«il.widOaiif.auTV. «f UmVnt. ISth Aha. B*p(.,flHtVU89,l'r.SK-6aK J fl m fa j w i rito tm jy. 
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floodiug the water level was low. Thi» we may call the pre-BoiiueviUe 
low-water epodL It wm of great duralioa com^mi-ed with tlifwe €niiiiieir> 
ated below. 

The first Bonneville epoch of high water is stratigraphically repre- 

aented by the Yellow PLiy. Peculiarities of the shore-lines, and the phe- 
nomenri at Rcil Ruck and nther pasjsps, show that the water did not rifle to 
the rim cil the lia.sia niul was tuit dlHchar^ed. 

After the (le|M)siti()ii i>f the Yellow Clay the water subsided, nnd the 
harin was nearly or perhaps completely desiccated. The stratigraphic evi- 
dence of this subsidence is found in the nneonibnnity between the Yellow 
Clay and the Wltite Marl and ill the alluvial deporits occurring at that 
liori/jtn. The possibility of complete desiccation is suggested by the differ- 
ent' ill charnctor between the antecedent and subsequent deposites, whirh 
differeiuHs may li;ive been occasioneii by a change in the conditions of sedi- 
mentary- precipitation. ThiB may be called the inter-Bonneville epoch of 
low water. 

The second Bonneville epoch of high water is represented stratigraph- 
ically by the WHiite Marl. Before the close of the ejwch the water over- 
flowed at Red Kock Pass, forming a channol of ontflo^x which was excavated 
to a depth of 375 feet. The Bonneville sliore-iine records the water surface 
at tlie date of initial outflow. The Provo shore-Iuie records it^ position 
after the channel of outflow had attained ita nuwimnm deptli. 

The existing state of affiiirs was hrou|^t about by the recession oS the 
lake surface from the Provo shore, and is stnitigniphically rcprcneiited by 
the fonnatinn of local alluvial dejiosits nn t!io surface ot flu- W lut*- ^lail. 
The aetiiinciitary deposits and slmic r'mi)uiiknients marking the lii^li-water 
stages have been more or less eroilcti by tiie modem streums, and tlie unuiunt 
deltas especiaUy liave been deeply trendied. The harin has been divided 
into a numbw of minor hydrographic units^ Tliis modem epoch may be 
called the post-Bomieville epoch of hivv water. 

Nothing is luiown of the ab-solutc duration of these epochs, and in the 
study of their relatives dnratimi ni> frnstw'<iit!iv mojiiis lias been found for 
comparing u higli-water epoch with a low- water epoch. The deposit mark- 
ing the first high-water ejKich is thicker than tliat marking the second, and 
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yn may lienee conclude tliat die firat epoch wu the longer, but the amount 
of this Terence m rendered indefinite by the fact that the base of the 
lower deposit is not exposed. The coinpaHson is fiirtlu'i- complicated Ity 

the diffproiict' In (Iio two tlcposit-;, tlu l(l^^•<•r roiitaining' in the center of the 
basin a lar;ri r ix r i i nt. of eliiv than the upper. If it be true that tlto water 
was 8o constituted durinjj the second flood as to preci(>itatd a relutively 
laijge share of the day near the shore, and that &e diffei«nce oi eomtitu- 
tion did not aJTeet the precipitation of the calcareous matter, a time ratio 
may be baaed upon the calcareous factors of the two denmits of the 
exp0!!ed section. A computation under this postulate indicatea that the 
first hi;.di-\vatf'r epoch was not los-* than five times ]ou'^ an the second. 

Datii do not exist for the quantitative estimation t»i the relative dura- 
tiou of the low -water epochs, but Uicir order of tnajpiitudo is uiunistakable. 
A comparison of the few alluvial wedges referable to the inter-Bonneville 
epoch with their local representatives fbnned during the post-Bonnevillo 
e])< >( h shows the fonner to be invariably the larger, aind indicates that the 
.tin>e between the two Bonneville floods was longer than post-Bonneville 
time. Tlie ]>rp-Bnniipvine low-water epocli reprefjpnted bv the great alluvial 
cones of the numntain flanks is still less amenabte to numerical statemeut^ 
ill that Its beginuiug ui undefined; but it is nnquestionable that it Sir tran- 
scended in length the inter-Bonneville epoch. 

It will be observed that in all respects our knowledge of tlie high-water 
epochs is relatively definite. Not only are we able approximately to com- 
pare the fwo hif^li-water epochs in duration, but we know that on the sec- 
ond occasion the water ro.so higlier than on the first. But of the degree of 
desiccation attained in the pre-Bouueville and iuter-Bonnevillo ciKU'hs we 
are practically without infonnation. We have obswved and approximately 
deteimined two important maxima of. an undulating curve, and have dem- 
onstrated that they are the only great ninxirna of the curve; but we know 
practically nothuig of the remainder of the cur\'e and are unable to indicate 
the positiim of any minima, pr(>j)erly f*o called. 

The knowledge we have gleaned is grapiiit*ally exhibited in Fig. 34, 
where the upper and lower horiimital lines represent tiie liortson^ of 'tiia 
Bonneville shore and the surfiuse of Qreat Salt Lake. Horisoutal distances 
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represent time, counted from left to right The cnrvd representa fbe hdglit 
of the oscillating water surfiuse, and the shaded area indicates ignorance. 




VlN.M^BiNndridl«(ml*rto Ito BamMflla Hub 



TIIK TOPOC.nAPIlIC INTEUrUETATION OF L.AKK t)sei LIGATIONS. 

< Mm- I if the must inijtortaiit siiliji'i ts to wlii<'li the (liscus^ion nf tlio lioil- 
iK villo liistifiy flioulil contribute i.s that of gvulog^c climate. Tlie oscQla- 
tions of the lake were in all probability caused by a«dllati<ms of climate; 
and if we can satisfy ourselves as to the nature of the particular dtmatie^ 
luovcnicntH t>H.socintc<l M'itli tlio nao and the fiill ^ the lake, we canimmc- 
<liat( 1\ . liy chinififiiif^ the notation of our curv e, convert it into a record of 
•reol(p;^ii- cliiiiate. lJut ill ordor to l)e fiillv satistied that the curve has cli- 
matic sij^iiiticance, it is ueccssiiry at tlic outset to give consideration to otlier 
{wtwiblu inodeH of interpretation. For this purjiose we revert once more to 
the fundamental conditions controlling the «se of a closed lake. The sixe 
depends on the ratio between the supply of water and the rate of evapora- 
tintt. I^nto of evaporation is purely a function of climate; but water supply 
deiH iids cjuit*' as much on tojmfjrii]''''*' confifruration as on nu'teorolri<ric 
conditions. We are therefore called upon to incpnre whether tho water 
supply of the Ikuiuevillo Bmin may have Ixien modified by tttpographic 
dianges in such way as to account for the demonstrated rise and fidl of the 
lake. 

It is conceivable, first, that local oscillations of land surface, or volcanic 
eruption, or the bin-sting' of barriers may at one time have increased the 
Honneville draiiiaj^e district at the expense of some other district, and may 
atterwar<ls have diminished it. It is conci'ivable, sec4Hid, tliat crust move- 
ments nuiy have uflTected the nltitude of the mountains whence the water 
supply of the basin flows, in such way as to cause them to intercept a greater 
sliare of atmo^>heric moisture at some times than at others. It is conouva- 
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ble, third, tlmt still grfindor vr\i>i iiuiveiiu'iits liave, by niisinfj and loworiiig 
a jp'Oiit urea iucludiug tli« busiu, produced corrcspoudiug iiioditicutiouH »it' 
its general climate. 

HytMtMf tie MnwikMia.-Thtt poK«bility that the Bonneville dninege diatrict 
has gaiiKMl or lost by tlie alow sliifrhiir of water partings or tlio divfrsiiin «>f 
rivers liius alrwidy bocii coiisidere*! in thii first section of this chapter; and 
if in there shdwn tli;it the nnlv tTtipfntJint f-hnnjres it admissible to postii- 
hvte are such us aliVct tiie supply atl'orded l»y Hear Kiver. It is <init(! pos- 
nlile Am die Blackfoot, which uow belongit to another drainage diHtrict, 
onoe contrilnitod its waters to the Benr; and m the other hand, it is quite 
posnUe that die main tnink of the Bear was onoe turned from the Bonne- 
ville Basin to that of the Cohunbiii; but the first of these possil)iHties h 
quantitative! \- and the fjet-niifl is (|uaHtati\i h' inadequate to explain t!ic 
lioniiev nil' Hsrillations. If tiie l'>lai kt'>H(t were ni>\r t«» be restored to the 
Bear iiiver, there would result an iiu-reaseiu the area and depth uf Great Salt 
Lake, btU such change is not to be compared in magnitude widi tlie changes 
involved in the Bonneville histcny ; the depth of the lake would be increased 
(mly five w ten feet at most. If the main trunk of Bear Biver were ii> bo 
converted int(» a tributary of the T'ohnubia a more important result would 
be pHxhu'ed, but the llonneville status would not be reHtore<l; on the con- 
trary, tlie area and depth of Gixnit iSalt Lake would l)e dimiui»hed. 

It may be added that the condition of the basaltic sheets occupying 
the pnsses between the Bear ^ver and the tributaries of the ColumbiA does 
not indicate tliat they are sufficiently recent to be appealed to in expkmAF 
tion of the dianges during the Bonneville epoch. Tlier© are lavas within 
t!u- lake nroH which, judged l)y tlieir condition with respect to wenthennfr, 
fire i[( wer than tliose on the northern pa.sscs, and yet arc demonstrably 
older than the epoch of the Yellow Clay. 

onwMk HypediMi^Tlie mountuus affording the chief water supply of the 
bann are the Wasatch and the Uinta. Hie Wasatch is known to liavo in- 
creased in height, l>y faulting, since the last l^Muieville flcHul, and both 
ranges ore known to have Imh-u somewhat uplifted since the de{H>sitiou uf 
Ne<«"e!ie strata Tf Is highly probabl*' that ihey experienced M]>wnrd 
moveiucuts during i*lei»toc'«ne time; and it its iudubitable that every such 
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movement would result in an increase of the local precipitation and uf the 
cfHtseqiient ma^riiitude of the streams. On tlie other Iiand, it is highly im- 
probable that either of these monntaiiis has lieen rabject to diaplacoRieiits 
ofsttdi iiHtiin- as to n-diire its liei<j^ht. Tlie conjoint influeneo of rhythmic 
upheaval and equable de^iilation undoubtedly produces alteniatt' {j^ains and 
lossi'H in altitude, and there miiM V>p ron'espondinj; <j;»iTis and losses iti thv jin;- 
cipitation and outHow; imt however plausible such a hypothesis may apjK'ar 
upon a merely qualitative stuteroeut, it mu»t be regarded an quantitatively 
taadeqitate. We have an approximate roeasure of the extent of the degra- 
dation in the laeoatriae depomt» which derive their material oh^fly from 
that source, and we can not suppose, fnt example, that the rpmnv;>l of tho 
entire mass of the White Marl from tho uplands at the east umdd sufficiently 
affect their nltittide to diiTtinish tlie water-supply of tho batiiu as it baa been 
diminished since the White Marl ej)oeh. 

There is, moreover, a general objection to any explanation api)ealiug 
to merely local changeSi whetfier of drainage or altitudek The history of 
liake lAhontan, as developed by Rusflell^ corresponds in a remarkable way 
with tliatof Bonnevilla It includes two maxima and two only, the first 
being the lonj^er soid tho second the lu<,'^lier.' It is therefnre m -a hi^li de- 
gix^e probable tliat phenomena have a common cause, and :>uch cauiie 
muiit bo of a general nature. 

BpctraiMk KypBtiwrii, This dilBcttlty is 6sca}>ud by the flurd hypothesis, in 
winch a large area, indnding both lake basins, is conceived to have been 
sncoeesively elevated and (h jtn ssed to an «(tent sufficient to i-eform its 
cUraate. Of tho adequacy of such a cause there can bo no question, but we 
are without evidenro of its actuality. Tlu re are, indoed. in tlie basins of 
the Cohnnlna and Frazer, systems of terraces indicative of recent changes 
in the relation of tlie ocean to the continent; but tlicse serve only to indi- 
cate the &iCt of wide-spread change and do not demonstrate such changes 
as are necessary to account for the flooding of the Lahontan and Bonneville 
Basins. If that flooding is the index of a loc^il climate wrought by conti" 
noTifid movement, the humid eoinlitiou should theoreticnilv be the result of 
contiueutal elevation and the hust diaii^'^e should have been a subsidence; 

'OmL Hilt, of Lake LaliooUii, p. 237. 
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wheroas, in tho basins of the Coluiubia und Fnvzer, the hust ciuuige appears 
to have been an elevation. 

Since tlie suggeHted oondnental mov^nentii could ttfkct the lakes only 
through tlie racdiattoii nf local eliraatev tlio hypotlieitU which apjieali} to tliem 
18 eaaontinll y a rliinatic hypotllBBiB; an<l its i'nrtlier conBidcratioii may bo 
dcfniTiMl until its pn>]>er ])laco is reached in the disciUMon of tlie influence 
of ehangetk iu teiTOtttial cliiuatei. 

THB CIiIMATIO INTBRPRBTATIOK OF LAKE OgCUrXiATIOira. 

OnHION8 Ott COftRBLATlOM WITH OLACtATtON. 

Turning now to the subject of climatic iutei-prctatiou, wo find an almost 
universal agreement among geologisto in the view that the lake maxima 
were in aome way aaaociated with the history of gladation. The idea tluit 

the rise ( f a lake containe<l in A elo«ed bosin is a phmomenon properly cor- 
related with tlk' fonnation or extension of glaciers appears to have been 
independently su;;gested bv .rimicson, Lartet, an<l Whitney. Jamioson, 
speaking in 18tl3 of the eliuiatu of C'l iitial Asia,' snid: 

Tlie gre&t hasfii of the continotital tttreain^, largt^i tlukii Mie area of Europe, U 
reiimrkuble for its inlaiul lakes rroiii wlieiict* no «trc»ius ev er reach the ocean, owing 
totlic ^ruat hoatdryiiii; iiptli* water. Now tbUbeatnMU(lr>-u«M»lMaDgmii«hle«swwd 
dnriiie the glacial |>erio(l, thwo niant Inve resalfied a mnehanatlereii'apontion, wbtah 
vr. I III. I no longer balaaoe th« inflow. TJi«aa laken tlnreflwe wonhl awdl and ike Id 
levtl. ... 

Two ycar.-i Inter, fwirfcf wroto: 

The level of the Uead Sett must tbererore have been constantly regnlated by the 
eonilitions or equilibirlain betiveeii atuionpluirio pmiiiltatiou ami evnporation. Tli« 
exteasion of the watera uf this lake, at » certain e|>ocli, rev«»leil by the sediments 
now laid bare, whidi cover nuch vast siirrait>s to tlie north and to the s^utb of its 
present limits, bears witiu'ss t'j a ;;nMt i-li.>ii;;i' k ii|(f r\ ciieil since tln'ii in the atiuos- 
plieric condition* to which the hyilrograpliic i^^^inie of tlie ciinntry was sultieeted. 
In the absenos of fiMsilfl in the settimentii nnviently deiMMlliNl b.v the lake, it ia 
i(n|)08sible to assi^'M a procisp asrn to the <>lovatioii of its waters. Ilnwcvcr, takii)}; 
accnunt of the prtihttblu tlurHtioii of Uie plieiiuinena wliicli itiitst have prewded and 
foUnwal this important phase of the history of the Uead Sea, one would be led tu 
attribute to it a date elow to the end of the Tertiary and the beijinniiif; of the Qiftiter* 

>On tlio paraUal raadsof Ohm Roy nud their plBca in the hUloff of the gliMiel perioil, ThntaM 
F. JmsImod. Qtuirteilr Jowmal aMbgieal 800., LoMlon, wl. 19, pf . M-Ka. Tlia jntHg* cttad 
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nary perioiT. One wonltl then b« Able to fn thf« ri«e of the (inifbc« of tlifl Isle* nn 
otVei't of tliL' f;liici;il |i1ii'iioiikmi;( \vlii)>i(_' inllni':ice sceim to li.ive fvtiTiili'.i . tln'sc 
epochs, to ueijfbburiuic regiuu-s. This, moreover, woulil aixord qaite w«>n with the 
obnrvatiim ortraeen of Aii«ieat orarafnm wbtehDr. D. Sooker thooglit he noogniteil 
on the aloiNfl of Lebsnon.' 

Only a few inotiflis lator, Wliitiu'v, tifatin^, in the first volomo of tlie 
Geoloj^y of California, of tlio fanni r t'xtonsion of Mono Ljike, sjiid: 

Whatever cause g»ve rise to the itumcuite body of ice, in tbo form of gliteiera, 
vbidi, RB we bave MieD, formerlr covered tlie mimmit of the Sfcrm in this region And 

cxtetidril (tiiwii for .",0(10 fcrf or more from tln> crcnt, this would Hnilout)t4*<!i,v c 
h(>eii HulHcient to siij))ilj vrater enough to raiite the lake tu the height wkicli the ter- 
neee abont it show that it mast oaoe hav« had.* 

It Ib not certtdn that he adheres to tbia view at present, for in hia 
memoir on tlm C'limatic Clianges of Later Geol v-'' Times (1882), lie 

cbaincterizes tlu^ ghiciation of tlie Sit-rra as an t'pisiKlo (p. 2), but rej^anls 
the (Icsircation of the Great Ba.sin as a continuous piocess of wbich the 
begiriuia}jr 'Intes far beyond tlie Pleistocene. Oi\ p. I'.HI !ie savs: 

Utifurti iidvancitiK another stH^rn in uur disciii^.siun, hovrever, we have to malce it 
dear that the ilimiuatioii u( tu,- rixers, iho iliH;i|<|HMraiii« of the Iaicee,aBd all the Other 
pbenomena iudioatire of a gi-iulmil bnt persistent teudenoy to aridity over mst arena 
once fS»rtile and irell vatRrpd, do not form n transient phase of a precedent Olacial 
ppooh, but lire t1i(> n siiU of 8i>mo cansi; which lM>gan to aet heAne that periodt and la 
Hiili contiuuiiig without any raniicction with it. 

In ray original (letsenptTan of I.;ike I'lnnn villi' I argued it^ correlation 
with tho Pleistocene Period in tliu follow iny: language: 

The Hoimevillo oi>och and the (ihicial epoiih were alike cliinatal epismlew, aud 
they ocMuri'cd in the same geuerat diriisiou of geological time, namely, the division of 
which modem time ia the immediate sequel. If it can be shown that the ciimntic 
«>faangee were of the aame kind, there need be no hesitation in aasiimf nf; the identity 
ol the epochs. Thr> ^rlacial climate we eoiiiinotily regiird as merely toM, aud a low 
temperature wasi dout>tlei» its chief characteristic; but it adaiitN, ih' crtheleNs, of 
another view. The climatic condition eesential to the formation of glaciers ih u 
the snmmer'rt heat shall ho iiia4le4]aate to difisipate the winter^ anow,and tliia may lie 
bronght about, either l)y a lowering of temperature, or by nn inenmseof winter pr«>- 
ciiiit:itii>ii. Till' i>rotnso |in'ri|>itiit!ini (ifonr iiorthwcstcrii const umiM iiiiin lain great 
glaciers if tho climate were cold euuugli} rivers of ice would fulluw the higher vaiieys 
of the Rocky Moeatalita if the anov-nilt were heavy, 

< Lmii.i Lnrtol, CMnplos Acndiw da l*Ae«Mmi» iM Bei«BM^ rarii, tttXM da tt Avril, ML 

Vol. «o, p. ;aH. 

S«e alM. Bull. ,U hi $i<m-. Gfol. dg I* Fraan, 9d uMt, vnlL tt^ 4B7 ; ttmm 4« 1 Uai, IMk 
•Owl. ofCsL, T«l. 1, p. 4{igL 
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To aoconiit Tor the origin of Bonneville Lake, ire need to Hssume a eliinatal 
chanpp. tliiit uonlil incri'.ise pn-4-i]ti(ait<)ii, or (limiinsli <'v;i|Kinitioii; ami biitli of these 
fll'ru'M would folio V, iti a4:conltiD<Hi with fauiiliiir meteorological laws, if tlie liuiiiidity 
of tlie air wen iaoraamNi, or If tlio tnmpenitars wem lofrered, Tberuciin be no donbt, 

then, that tli«' Ki' iif rlinmrnl nn oliition, wliicli ('ovcri'il our nortliea-.tcrii State's with 
ice^ was competent to Hood the dry ba»in of Utah; ami that it actually did so i» at 
leMt highly iirobaUe.^ 

Li volume 1 of die Fortieth ParaUel report (1878) King cbwified Luke 

Iw^iluintan as well as l^iki* H<niiicville as a ]iIienoraenon of tlie I'leistorcno 
or Quaternary iK'riod, and arj^ued that tlicir basinn wore dry at the be<^iiuiinjjf 
of tlif pi riod. In the ease of Lake Luhontnn. from a discussion of the 
cheinicui history of u jm'uliar pdeudoinurpli, thinolite, he drew the cuiiclu- 
non tbat &e basni was flooded twioe mttead of once, the firgt floodii^ hav- 
ing "an enormously long continuanee as compared with the second." He 
further eo»c1ude«: 

Th« first loii^'coiitiiiiii'ii |M>riiHl of humidity in i)ri)b.il)ly to bo directly <M)rr< I.ii<<d 
with the earliest and gre vtust Uhusier period, nod the second period of buuiidity with 
the later Ridudeer Olaaier period. 

Th*- <Juuternary laki-s of the Great I?asin nre therefore of extn-mc importance in 
8howin;r one thing— that the two glacial wliatever may have ixvii tiioir tetuiter- 
•tnru conditions, were in thi'insoK ( s cucli distinctly an age of uioisturt^ and t!at 
tlio iiiterglocial period was ono of iateuao diynesg, cqoal in ita aridity to the preseat 
epoeb.* 

I afterward discovered the evidence of ttie inter-BonneviUe epoch of 
low water, and thus demoiiatnited the duality of the Bonneville flooding. 
Annountdug this dtseovery in tlio First Annual Report of tlie U. S. Gofilog- 
ioal Survey ^ 26)^ I say: 

If it Ih.' true, as argued by Mr. Kinp and thp writer, that thi> Bonneville epoch 
was synchronous with tltu ghicial eitoch, then It may also be true that the HuUliviNion 
or the glacial epoch Into two sabt'pooba, with an interval of vamUi, 4ih1« h«re a 
aiaoifestiition. 

Snhsetjnoiit Invcsti^^ntiojis in the Lah«>ntan basin by liii~i>^ell «4»rve to 
call in <|uestioii Kitijf s eoncUisiouij in regard to tlnnolite, but inde|n>ndent 
reasons wt^re found for affinnitig the double maximum of tlie lake surface.* 

Peale, who examuied the Bonneville sediments in Itlalade and Cache 
Valleys, does not dljicuss their relation to gladers or climate, but may iter^ 

<Ex|>l6r. Wt-At ontic IMPtli Mt rliliaii, vol. 3 |k 07. 
^OooU Eipl. 40th PanilM. vi.|. 1, p. dlM. 

*TUid Ann. Bapt. U. S. OmI. Snmy. pfi. ftt-OI; Oaol' Hiat. ot l^lkt LslMntwo. pp. S60-S6i)L 
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haps be coiiBidered to imply a comladon, in that 1m refers them to tho 
Pleistocene.* 

A luiicjue view of the suhjf r t rmtfrtainfd by Endlich can not be 
iiriUMi (1 in this connoffioii, and, shico it is t'otuul ni'«-«'s.sary to dissent tluT*'- 
froin, tainu'SH seems to riH]iiin' its prc^icTitntio?! snmew ltsU fiilh' in liis own. 
lan<^'Uiigu. Speaking of tiio ancient glaciers ot tlie mountains ot Colorado, 
he says: 

It" »'« stiHly the country a<ljac«iit Ut lliaL wlicre we find glacial evidence, we will 
uliserv« tliftl u by far larger area was at ono lime covered by water tbau to-dajr. 
Tbe Great Salt Lake extended beyond tUe bonudiwiee that now eoniloe it, * * * * 
Here, tbeti, we barn n aoDice of mofirtiire Air excMiliiif;, in qnantlty, that cnrrietl east- 
ward at |iresent by tbe iirt'vailinjx weHtei ly \viii(]>». • • • 1 concliidr, tlii-rct'iirp, 
tliat tbe aiioieut gtacsien of Colorado aud regiuua ainiilar to it, botb as regards geo- 
Krapbleal loflation and orograpbie oouatraetioo, owe tlieir finiiMtr existeirae inaialy to 
tbe presence of tbose numerous Hheets of wntcr f;ii tbcr ivi'st. Tliese liavp now rlisajv 
|ieare<l, and incident upon tbeir removal, wbtttev» r may havo jjioduml iliiit, w is tlie 
recofwion and final extinction of (be nncWDt glncieVR. Hobiing this view, I inaiiit^iin 
that tli« Inkee foiinerty filling no many valleys were in exiiitenoe hefon any glaciera 
oeearred in the Bocky Honntaian proper. * • • It in bigbly probable, bowever, 
tbat tbe period of iljeir gicateat BafDltnde fell lata ibe time of tbe teneol |^Mi*l 
e|)Ocb.' • • • 

A fatal difficulty hero is a failure to reco'^iize the fundamental dif- 
fertmce lietweon closed and dniined basins in their relation to the moistuix' 
of the atmosphere. Clusod biu^iuis retui'u tu the air just a<j much water as 
they recdve bora, it; dnuned boBins do not The jvevailing westerly 
winds to which he refers sweep across the hydrographic district of the Great 
BsMn before reaching the mountains of Colcnndo. At the present dme tlie 
moisture they dischar<,'e in crossin^r tlie GfOat liasin is ])ivcisely e<|ual to 
tliat wliicli th(■^' nbsorli, so flint tli(*\- nuprOHcli ( 'dlnrado with InuniditV 
unehauj;ril Wlien Lake Bonneville innl snine other lake.-, ul" the basin 
wero no tilled as to overflow to the ocean, the precLse amount of their dis- 
charge was abstracted from the westerly winds in their pasMige, so diat the 
winds the district of the basin drier than they entered it If the air 
cnirents re«ehing the Colorado Mountains from the west were dien raoister 

I Dr. A. C. PealB in Ann. Re|>t. 17 8. O. & O. Surv. of Tern, for lrt77, p. 641. 
•Dr. F. U. Bndlteb} Attn. Itcpt. U. S. O. * 0. 8«rr. nt Terra, ttt ISTSt f. 886. 
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than uow, their hiunidity inust have been acfjuired bi'loit! thoy reached the 
(liiitrict of tlie 1ake«. 

THE ARGUMENT FROM ANALOGY. 

Roveitiiiir now to tlic cnm lnti'm of Inctt-^frinc nw\ jjlncirtl phcnoint'iirt, 
as suggt'.sU'd and d»'V{'lo|M il in ,I;iiiii( -M m. Lartct, Whitiicv , Kiii<r, HusscH. 
suid luywh', the dnUi on which tlie i-nrrfiatinii is biuscd will \n' e\aiiiiiic<l in 
ilotail. Up to tho prcHent time nil ratiDoning on the subject has been 
hosed upou aiia1<^'. Hie identity of the two chtsMs of phenomena in time 
and cause lias been inferiTd, first, from their rocen< y; second, from their 
exceptiimal nature; thinl, from tlie ]>anilleh'sni of their it'cunt'ncc ; and, 
finirth, from the l)ehef that it is jKiS'^ilili to at-eomit fi>r thera by the same 
inoditirati«»ns of chmatic foiiditit>n!<. IheHe eleiiieiittt of analogy will be 
tiikeu ui> iu the indicated order. 

Rimv'-The recency of the lacustrine efvmts and tlie recency of the 
gladal events are severally tnfored from the excellent preservation of their 
vestiges. The atniospherio agencies which sculpture the land, rapidly oblit- 
erate all to{)0{;i^pliic features which Ax notconfonn to their types, and they 
attack with esj»»^cial vi<fnr nin-^ses ot uiicdiiwUdatt'd tiinterial wliicli stand in 
relief The emb.mkwieufd of tliu aucieiti shoiX'-Hnes and tlie moraines of the 
ancient glaciers agroo m thou' susceptibility to rapid mudificatiou by erosion, 
and they agree in exhibiting a condition of almost perfect preservation. In 
the case of the monunes, this remark applies only to tlioso which were latest 
fonned; but it is these* wllidl can most |)rojH rly be compared, for the earlier- 
formed shore end)anknients are not visilile, havliifj been overjdaced by those 
of later date. The recency of phenomena thus denionstnitrd Is qunlitaf tve 
merely. ^>o far as we are able to inlerj>rel the t'viden<;e from preservation, 
the embankment.s uuiy be twice as old ats the moraines, or the moraines 
twice as old as the ombaiikments. 

i^iMtai cfeuMMT^Tlie exceptional nature of tho Pleistocene glacial phe- 
nomena is jfeu' i .dly recop^nized, and is illustrated in a strikinj; manner in 
the imnveiliate vicinity nf flir Great liasin. As first pointed out by Whit- 
ney, the {^reat ^dacicrs of llir Sit-rrn Ncvjtflii nrrtipied nn antr»f<-rh'tit system 
of valleys, shown by their form to be the product of ntream erosion. The 
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period <^ ice was therrfore preceded by a jieriod when there wag no ice, or 
little ice, otid this antecedent period was of relatively great duration. 

'I'lio epiflodal nature of the lacttStrin** phi'tiottK-nu of t\n- (Irvnt Hai*in 
has l)f«'U rf<u)jfnizt"d l)y nil observers, with th«> jiossibh' fXr(*|itioii of Whit- 
ney; and the evidonee in ndation to tht- l{onn«'\ illc IVnsin luis hwn fitllv set 
fortli iu the prccedinfj pajjfcs. TUv piv-Honinnillo period was eliaracterized 
by aridity, and it wati luug as corajNU-ud to die Bonnevnlie puriud. The 
formation and extension of glad«8 and the formation and extenaion of lakes 
have tlius the common character of epitodcM, iutemiptuig a oounso of events 
which was resunied after their disapjjearaiiee. 

Bip»rtuion,-A third point of an;iliifrv i> |);u-allc bVm of TTfiirreiice. Tlie 
historv of l^jikf^ Bormevillc a^)<l the !iistnr\ ot Lake Laliontau liave been 
inilepen(k'iitly sliown to be l>ii)artite, and tlie siiniUirity of the series of 
oecillationB in the two basins gives great confidence to the conclusion that 
they were synchronoas. If it be tme, as believed by many geologists, that 
the history of tlie pla<-ial |K'riod is similarly bipartite, tlie ar^jinneut in favor 
of the synclironistn and the common origin of the lacustrine and glacial 
pheiirtmf'na ncfjuii-es gi-eat strength. It i;^ pertiiH'nt. tlicn'fnre. tn inquire 
what support tlie belief in a double glacial jK-riod tinds in the factti ot obser- 
vation ; but since this inquiry would involve too grout a digi-ession from 
the subject in hand, attention will be limited to the question of the supjiort 
the bcli^ finds in the optniou of those most competent to discuss tlie 

phenomena. 

Tt i-; t<i hv obsfn-nd at the outset that a belief in the dimble nature <if 
tlie glac ial epoch implies a belief in its actuality a> a ^Muieral ]>lieiionienon 
of geologic climate. If the truth lies with those who attirm that the ancient 
glaciiil phenomena depend upon strictly local conditions, and are not widely 
Myuctironotts,* it is evident that tlie hipartition of tlie plienomena can not be 
general, and that the only analogy pertinent to the present inqiury would 
arise from the dis»-overy of evidcnict* of recurrent glacial extensiim iu the 
mountain ranges which border the Great Basin. Itcference will be made 

■ S<!« J. D. Wbltuvy, Climnlic cliaaf;i<« »( Inter UruloKicul Time: Mrin. Mumiuiii of CoiUpaniliTe 
Zoology, vol. 7, No. 'i, pp. 191, 80H, 3t^; J. F. Campbell, Glacial periodn; Quart. Junm, Oool. 800. 
Loiiiimi. ^ -1. x>, |.. 9^; u-'.. .htini-H itrmiir, Oi. tbaMtlon of I«e Ib wbit i« aMMl)^ ttciMd Uw OltMUl 
Period : Uril. Ah. K«p't, p. iU. iSectiona.) 
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in tlie sequel to a fmgment of local evidence of this nature; but attention 
will at prcflont bo roHtrictcd to tlio testimony in regard to a general duplicaF 
tion of glacial !ii>r> >ry The tendency of the testimony will )>l' Kufficiently 

intlicatt'il l»y citinj; tliosr ( (itifliisiiHiH of firM <rc't>l<ij;ist.s whii-li ii|>|H;ar t(i 
n'|iivs<-iit tilt' liroadc-iit survey uf.phouuniuiia and U» bo leai*t buiupered by 
gunurul theories. 

Penck, who Imk studied the glacial phenomena of tlie uortluvn face €i 
the A1|M, hatf supplemented the preisenlatioti of ]m own rcttult* by a histori- 
cal digest of those of hitt predeceMOra.' Uo emifinna tlio recognition by 
Morlot anil others, of two great atlvances of the glaeiers, aii'l annouiu-e(* 
traces of a fltinl. The ^rs iilfst ailvancc ornirred iu tile second of tlie three 
ice e|)ocli.s, ami tlie least advance in the tirst. 

Briickncr, likewise a stiuU-iit of the iiortheru face, agrees* with Puuck 
in recognizing three epochsi of glaciation, but he considers tlio first advance 
sliglitly greater than the second and the third least of all.* 

French freologists who have examinr-il tin- wr-tcru portion of the Aljm 
are practically ununiniou!* in asserting the unity of the plienoniena. F;il<;in 
admits n»f>re or h""< protnirti d pln^pi of progression and recession <>t the 
old glaciers, Imt tienies the existence of any uUti(|Uatv evidencv of an iuter- 
glaciiil |«;riod.' 

Hiofle wlio liave given special attention to tlie southern or Italian slope 
of the Alps are divided in opinion, Stoppani and Ga»taldi regard the gla- 
dal period as a unit/ whilo Taramclli distingnislies two phases of glacial 
expansion, Ht'panited by a long interval marked by hydrographic changes 

and slight oscillations of level.* 

Janie!) Oi-ikie reeojpHze» no fewer tlian tour glacial epoihs, separated 
by hitervening epochs of mild climatic conditions In tlio Englisli deposits 

•TfaeOlMkkMniorflMOanHiiAlpik . . . By Or. Allinebt Pouok. nkMk|lHI,3ll»»a 
■D1« £iMlt in dn Alpm. von Dr. Bdasfd BHIgkner. HUllMn. Owgr. OmvII. Hmtorji^ 

iIn IwiwIii till BhSn*. Lyon, 1SH3. (Cited ut Meond ImiWl.] Alao^ La (KSrioile gluciatn. Ftarin, ISW, 
IW.1M3-445. 

«A. Stnppani, Grnlogin il'Itnlla, Part '2, Milan, 1H80. tiMtmldi, BHiliiAc«ad«Bds<k4l«aelMiMdi 
Torino. Atii. l-7'2-7:t. H . I'a^-o 419, "Appiuiti mUk HomQiiiid*! Biff, Oelkia 8. 8. 1! i OocbaMgw 

ol cliiiinto iliirinc Ih" ginrini r]UM li." 

"Tarui n II MtMM'i K'. ii. Aciiid«mted«l UbmI, 1991-81,31 airiMtToL 13. Binn,lB8>^p.MR. 

*l'rcbi»torii' KiirojK', ji. 'JK> 
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the finst glacial epoch w represented by the Cromer clay, the second by the 
grottt dudky bowlder clay, the third by the puqile clay uf HoldvnuMR, and 
thu fourth by tlio Hemle day. In .Scotliiml, France, Germany and Scaii'^ 

diunviu th«' sfricH of dcjiosits an' Ic-s [x rfci t. 

An-hil>alil (.«« iki<*, hux iii;^ Iwlor** liitii iln^ same evi<U'iM"t', rerojrnizt's for 
Kugland aiiJ Kum|H3 {ft'iierally only two jrluL-ial opuclis, thu {^lat-iei's «»t' thu 
set^md lieing Hiimller tlum tluwo of tlte iintt and to a greater extent locaL 
lie reeogniios alito die iutoirnption of tlie first by warmer epochs, repre- 
M'litt'd by iutorghu-ial bi'il.x, but these do not with him constitute an element 
4»f tliii jiriinary chisHificatioii.' 

In nortbefiHtcni Ifnvn, tin- sTr;itiL;r;i]iljv of tln> sii j)crlu'ial fonnations 
has been studied by McOe*-, who deduce^ tliu loiktwing liistory. Fir»t, thu 
extension of the northern ice over the region; Kccond, its withdrawal "and 
a period of mild ellmatal conditions which must have been of immense dura^ 
tion"; third, a second and last great gladal advance; fourth, a tlilrd slight 
advnnco 4)f tho i<-e, of whicli indirect rt'.ndt.s oidy weit? observed in imitu- 
I'iustcrii Ii>\va ' Thi fonnation nqiresentin};^ tlie lonjj intei-ghieial period is 
H "tore.Ht IhmI", ji iij^iieouH stratum separating^ two deposits of till. An eqtiiv- 
aleut forest Ix'd in Ohio has been interpreted by Newberry in tiio same 
way.* 

Upiiam, wluMW must important personal stadies were in Minnesota and 
adjacent parts of Itnknt.i and Manitoba, distinguishes "two prinei}»d gladal 
epochs . . . ea«-h sidnlividt il I> y times of extensive reeession and rea<lvanr«? 
oftli<»!f<» . . . A long ]M riui[ intervcnod," during whicJi tile ice probably 
retreated as far as Hudson liny* 

Chuiulx<rlin, whoue studies of Amerivau gladal phenomena luive bcun 
exceptionally comprehensive, gives tlie following gonmiliied table of Pleltr- 
tocono formations and events' 

' ri \i li.M,',. u( (;.Mi..-y, 1^-.', [i,. ^■•■i. .--.k;. 

Ui li)<n'4*inpl4H4» KurjctAur Sii[k-i [iri.il t'ortiiMtiitna ill Si»rlliriiMt4>i*ii luwii. Uy \V. J , Mi'G<-t< ]'r<i« . 
Aw. A». A.lv. 8il. vol. 27, ltl79, iU. 

"TIki I>riri T>ir|KMltH uf Inilinna, liy J. 8. Ncwlwrry ; in Itili Ann. Kr|i. Gnu), unit Nal. Ijml. uf 
iDdiaiix, by John CoUult, I)H4, p. 

<WiUTen t'pliaiu; Proc. Am. Asa. Adv. Sci. viil. XI. IH<|, pp. \t-J'i, TlX Rvo alxo Geul. anil \al. 
Hit(. Siirvvy iifMinneiiattt, vol. 1 of Fiual Rl-|i(.. 1hh|, pp. 4U(i. IrA, .V^t. 

*The DrifUm Area «f lb* Upper MiMi«ippi. fijr T. C. CbawbwiiB ami K. I). SaljabDiy. Sixtli 
Abb. Bapt. V. 8. QwL Somrt vuk, p. Ita, 
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II KM< ilr)H<nUi4 abuill l)l>- Itrigil I.iikeii. 

Markod by tliirUI M«ii«iluii. iwuUy «l tb* Howl 



According to Newberry ''tliere were two maxiina of cold separated 
hj a long interval in which the climate wan ameliorated''; but thia climate 
w iis still cool, and the ice probably did not retreat far beyond the Great 

Wliilc tlif runclusinns of McG(H", Upliiini, ( 'liaiiiln'i lin iind N'i-wIk itv 
are biiswl priniurily on stiuiit's in coiitiguouM (lifitri«'tH, iiu'ludu to u largo 
extent the Mune phenomena, and agree in recoguiiing two maxima of cold, 
thoae of Chamberiin and Upham are the only one* in complete accord. 
Newberry diffur» frdin tliu otlicrn in that he regards the inter-nuixiinuni ivm 
retreat as relatively siiiall. ChanilHTlin and M«"r}fi', apct'iu^r that <fla< ia- 
tion was iiit»Tni|ttfd hv a louj^ cjnicli of warmth, and that it was also varied 
by episodes ot l«)fal or temporary retreat of the ice Hheet, tlifler in tlieir rel- 
erencc of an important bed uf till, antl lienee draw differently tlieir lines of 
primary daairification. McGlee'ii interglada] period " of immeniie dturatiGn" 
in Cliamberlin'a "intergladal subepoch or epiiiode of doglaciation", and 
MeGee'.s "second and last ^n-eat -^daeial advance** is Chambeiliu'il ^'aecond 
■ube]K>C']i" of tlie "earlier t,Hacial epoch."- 

Hy later investi^'-ution MctJee finds evidence as to epochs of cold in tlie 
phunuinoua of the deposits and ei'u»iuu» of the Atlantic border ci«mtli of the 
Drift. Fam tfda investigation lie condnikB that the Pleistocene indnded 

• North AmtrlM in tlwlMftriod. iyJotaS. Vcwfewcf. Pai».8«).llMtbIy,voL3O^1086k|».ft. 
•See McQec iu Am. Jonr. 8oL M mulut, vnL 9, UtU^ pp. < 
MUN I 18 
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two niicl only two {^rf^at ejHK l»:> of cold ; that these epochs were »e[>rtnited 
by ail interval tliree, five, or teu times an long as the post-glacial interval; 
and that tlie earlier cold endured much the longer and waa the less inteiuie.* 
These inforences are harmoiuoua eilJier witli CluiraberlinV ctHielusious or 
witli hiit awn results in Iowa, taken separately, and tliey correspond clos^ol y 
with my readin<r of Bonneville history; by substitutiii}; the terms "wet" 
and *'larnHtni1" for *'o<»ld" and "glacial," tliP Bonncvill' sSorv can be 
summed up in the same words iw McGoe's story ot tiie Atlantic Umler. 

Wright eariy advocated the unify cS the period of glacialion in Anmkft 
and still adheres to that view. In a recent publicaticm he states that " most 
of tho facts adduced to support the theory of distinct epochs are capable of 
explanation on the theory of but one e[)ocli with the natural oeeillations 
accoiiipanvin^'- the retreat of sn vast an ire-front."' 

The latest word on the subject is fn»m .laitn-s (Jcikie,^ whose Uigi-st ot 
itjsult* obtained by geologists of coutineutal Eur»>pe comes to hand while 
diese pages are in proof. The plain of northern Germany was twice over^ 
nm by die Scandinavian ice sheet, and experieneed a temperate climate in • 
the interval. Students of Alpine drift reeognize moi-e than two epochs of 
glacier extension, and it is {Kissible that the inti r^lacial depotttS of the 
nortliern plain do nnt all belong- to tho same intei^lacial epoch. 

From this sutninary of opinions it appeara that tho relatively simple 
Gouception of i'leistoceno history which belonged to tho early stages of its 
investigation has heeu gmeraUy replaced by tlte view Aat its climate was 
characterised by great oscillations. This result has been reached separately 
and through independent methods by Eoropoau and American students. 
But while the fact of oscillatton is widely accepted for each continent, tlie 
pro»rn*ss of jnvesti;^'^^'"" soems not vet to have rendert^d the two histories so 
definite that the question of tlieir Kiinilarity ami synchronism ran profitably 
bo discussed. Whatever confidence we may liave tliat tlie i^leistoceue gla- 
ciation was a recurrent phenomenon, it must be admitted that pacalletism 
of i-ecurrenoe remains to he proven. It follows that, for tlw present at least, 

'Am. JMr. 8«l. SdMriM, TtLtt, laSK p. m. 

•Tli*lMA«afnHartIiAiiMflw. By O. FralMiak Wrtgbl. M*» T«ik, IMS, 9. CMi 
•JMnm t» Ik* 0««Ioglw1 wcliaa vt*UB,A.A.i., SivtMilMr, 1881: 
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|ir»nilU'1iHm of recxim'iioo am tidI witli r<infiilfiu'i' he nppualed tO in the 
i-urrclatiou uf" the hicuHtml lii-.tiiiy witli tlie glacial history. 

onittte cwniMiea.-The touitli poiiit aiisilogy is geiJt'tic. It is gciicmlly 
believed diat any climatic ctumgie competent to restore tlie glaciers of Cali- 
fornia and Utah would likeinse restore the ancient lakes of the Great Basin. 
From this belief thm-u lias been no dissent, and it is certainly plausible; 
but it must iievertht'less he athnittetl that iiM't(*orolo<ry in its j)r('st>iit stage 
nffoitls it no satisfactory basis. The "-fii'^ral subject of cliTiiato is highly 
comj)h»x, and its laws are not so well uudertitood that tlie results of new 
cumbiuiitious uf cuuditiuiis can be furutuld. 

The siie of lakes and the inse of glaciers are determined by diree 
processes: 

A. Pkiedpitatii>n of rain and snow. 

Dl EvaiH>rutioii of water, snow and too. 

C Meltinji; of snow iiiid ire. 

The essential elenieuls ot local climate uptui which the local rates of 
these three pi-ocesses depend urc at least foiu* in number, and may couveu- 
i^dy be indicated under five heads ; 

(a) The temperature of the air. 

(b) The Mipnr tension or vapor content of the air, or the temperature 

«f the dew iwiut.' 

((•) The ;^-cjut;i1 M lm lty of tlie %vilid. 

(f/) Tlie <k';,'^r( <• nt ( yltmie activity; and finally, 

(t>) Tlie variation of tliese, uud the distribution of their variations 
through the year. 

'For tiM «aMkiri«al mdw, CImm Iwim niif ilMid Id ueti «t MmUIm. Th* invMbto nwigt- 
lUBMUtalawl to tb* air h «*IM aqiMMia vmpar, mti lin tlM pnpwtiM of ■ By virtnoof iu 
•iMtkitty Ik WHttoa MMin trnkm, and tktii Mnin to tbm nwinre nf Uib nMant |i— wi t t »tMif 
fvial. V«p4r MMtoM Md nmMTflMlMtaM tlMNAm igraonyuov, Tfc» mhouhI »f moh*Mrv air will 
Hold without eoadaniatioa to Itiuitod, and tb» Umlttng ahHMiat mrini «rltfa tMiiwmlara, Kof aaub 
fcMii|H>rntiire tbniti is umaxiiunin vn|>«r tco»ioii known as the tMision of Mtnration ; for «»cli vapor 
tcnitiriii tbcrv in a inioiinnm k<iii|K-rBlum known w llin rfmr fwial. Tlwt lt<Hip<tratiirr of tb« ilnw |H>int 
at any |ilac« and tira« in tbns an hxlex of tbe existiDi; vapor tension. Ittlatirt h»miditf is lb« ratio of 
Ibe actual vapor teoaloa to tbe aataratiou tvulun coneapuiMliug to the actiutl teiuporstani ; it i« tb» 
bmialdity Makuwd in «■(■■«( MtmiiM M aaHj. 
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The more general terrestrial coiuiitions wiiidi iinmediately tkitermine 
tliese lucal eleiueut^i may lik«wue be cuumerated uudur five Leads. They are: 

(1) The Utitttde of the locality. 

(2) Hie altitude of the locality, and the system of altitudes in its 

vicinity. 

(?>) The distributiou of land and water in a very large district includ* 

ing the hx-ality. 

(4) The jjysteui of cum-uts iu oceans witliiu tliis district (u tuactiou 
of 1 Mid 8). 

(5) The vrinA direction (a function of 1, 8, and 4). 

Directly or indirectly^ each of these five condition)* niTects each of the 
five elements of hx-al (.-liniate, fio that there it< a most iiitricnic plexus of cause 
and effect. In a (jualitative way nujch is known of the nature t»f these 
reiatious, but quantitatively very little is known. It i'^ periiaps fair to say 
tluit the relations of temperature and humidity to latitude and altitude are 
Ihe only ones whoee numerical laws have been succeesAilly invest^ted, 
either theoretically or empirieally. Crradually tiie vwiotts climates of the 
earth are being explained and referral t< > their proxhnate causes; but the 
time ha.s not come when the meteoroU>f,nst can fraeo f>nt tho fjn:HititMtive 
n'lations, or even in any fullness thv (|ualit;itive relations, of a spi < itic 
hyp«ithetic change iu ouo of the conditions <»f cUniate. Such a pmhlem 
as the distribution of dimates if the (Erection of terrestrial rotation woie 
revenwd can at present be solved only in a very rude way« 

In the prc(<«nce of such complexity, theories are necessarily based upon 
|>artial views, and the hy|H»thesis <»r opinion that the nia<:^nitude8 of enclosed 
lakes and of trhiciers are siniilaily affected liy climatic chanj^fcs aj^pcars to 
depend upon such a partial \iew. This waa certaudy tiio vnm when I 
advanced the opinion in an earlier paper. 

Let us assume that hi tiie region of the Great Basiii and the surround- 
ing mountiuus die aqueous vapor, tlie wind vidoci^^ the cyclonic activity, 
and the annual oscillations of these climatic elements remain constant, while 
the temperattire alone uiifler^oes variation. Tlic ranse of the temperature 
chang'e lies of course in a modHication of some climatic condition, nnd such 
modiiicatiuu would uec^^aiily have its effect upon vapor, wind velocity, 
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«te., but this effect is by the present assumption ignored. Gonedve, fint, 

n I(nv( ring of local tempcrnturc. The vnpor tension reuiftiiimg the same^ 
the relative humidity of the uir would bo gpreater tlian nt present; and 
cyclonic activity remaining tlio snnif, the increnj^e in relaf !vf> litiruidity would 
cause increase in precipitation of rain or snow. Tlie wind velocity remain- 
ing the same, the lowering of temperature would retard evaponition, a 
smaller sliare of the moisture precipitated on die land snrfaees of the Great 
Sarin wonid return to the sir, and a larger share wonid gather in atreams 
and flow to the lake^. Evaporation from the lake surfaces would be »lower| 
and the lakes, with increased supply and diminished dissipation, \\ (nilil rji-nw 
deej>er and Vjroadcr, jn^jf .th they did of old. In tlip iiiomiluins tlic lower- 
ing of teiupeniture would increjuse the length of tlu» season during which 
precipitation takes the solid form, and a greater pro]>ortion of the total 
precipitation would be in snow. The increased relative hnnddily 4^ the 
atmosphere would occasion a greater total precipitation, and the winter's 
accumulation of snow would thus be duiibly angmented. The same cause 
wnidd dimiiiisli the annual cvajinrttion of .snow, and the sLoiicr and cnolfr 
summer wnuM have less melting pmver, In every wav tlie accmnulHtion 
of suow and ice w ould he promoted and its disisipation checked. The small 
glaciers which hang about some of the highest crests would wax in siite and 
others would reoccupy the empty cirques^ until finally a broad mantle of 
snow and ice would dfverthe high district of the Sierra, and ice Streams 
would flow to the valleys on either side, just as of old. 

Concpivp now n rise of local tennx'niture. The rt lfitivc hinniflitv of 
the air would be U'ss than at present; the precij»ttaiion in rain and snow 
would bo less; tlio evaporation would be more ia[>i(l, iuid a smaller share 
of the diminished precipitation would gather in streanw and flow to the 
lakes. The lakes, with ileoreased supply and increased disripatiim, would 
grow shallower and smaller. In the mountains the winter would Ik* shorter, 
and a smaller sshnre of flic diminishetl prcnpitjition wetild trikf the fonn of 
snow. The evaporation of snow would Itt- murt* rapid, and the longer and 
warmer smumer would liave greater melting power. The supply of snow 
would be diminished. and its dissipation would be promoted. The-existiug 
small glaciers would disappear. 
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Let UB now Msnrne that in die Mume regpkm the tempemture, wind 
vdocity, etc., remain constant, while the va|X>r temion alone nndcrgoeB 
variation* Conceive, first, an increase of ]nva] vaiK>r tension. Tlie tem- 
perature remniniufr tlit^ ^ainf. tlio rclutlvf lintniclitv of t!ie air is inrroiwed, 
and tliis inrrease iu relative humidity cuns<'s iucreJiseiu j)reeij)ituti»Hi of rain 
and 8UOW. It induces also a slower evaporation. The supply of water to 
Ae hikes is increaMd, their supeHidal wute is diminiahed, and they grow 
in size. On the moantains the snowfiill is increased, thougK its period remainB 
the same. Tlie dissipation of snow hy evajioration is less, the melting of 
mow by direct uiKolation is sensibly unchanged, but its melting by sununer 
rains is accelerated. In the region of the iSii rrn pflneiei-s the summer pre- 
cipitation is so small as compared with the winter that this last factor can 
not be important; and wo need not doubt tluU iiccumulatiou of snow would 
exceed diBsipatton, causing an extension of the glaciers. Coneenvo now a 
diminution of vapor tension. The preceding relations am evidently revened. 
Hie hikes of the Great Uasin receive less from the streams and part with 
more to the air, and therefore shrink. The glaciers of the Sierra receive 
less snow, In^io man by evaporation and lose sU^tly less by melting, and 
they will therefore hhrink. 

It thus appears that a local change in temperature alone or a local 
change in moisture alone would oanse the lakes of the Great Basin and the 
gladevs of the Siena simultaneottsly to enlarge or simultaneously to oon- 
tmct But when wo consider their concurrent change, no such definite 
conclusion is possible. Tf rise nf temperature is nccomj)anied bv dimiiui- 
tion of vajK>r ten>i<iii, there will be a couimun shrinkage of liikes and 
glacibi's, for these climatic changes have the same tendency. Similarly, if 
fiill of temperature is accompanied by increase of vapor tensiou, lakes and 
glaciers will grow; but a rise of tempemtnre and an inciense of vapor, or 
a fall of temperature atid a decrease of vapor, w ill have antagonistio effects 
upon both lakes and glaciers, and the nature of their resultant can not he 
detcnniiif'd Mithout quantitative data. We need greatly to extend our 
know ledge, not only of climatic laws, but of the climate and physical 
geiigraphy of the Great Basin, to enable ua to detennine wliat increase of 
vapor tension is adequate to neutndise the effect of one degree's rise of 
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temperature iiiion the auce of tlio lakes; and we iieed in addition greatly to 
extend onr knowledge of the climate of tlie Sierr» Nevada to enable ua to 

<L i<'i-iiiIne what increaBe of Tapor tension will neutralize tin- rffect of tmv 
degree's rise of temporature upon the size of the ghiciern. It is only in 
the fflfio thnt these two inei*enie!ttH of vaj)or tension are e<pial, that inrmu>e 
of lakes and increase of glueicrs will be invariably coordinate. If they 
•re une<iual, then it is possvble to aasnme atmultaneoos diangea <tf tranpeis- 
ture and vapor tenaion under whose mfluence the lakw will expand, while 
the glaciers ahnnk, and vice versa. 

But this view of the oa»ie is still only partial. Any eliaiif^e in the alti- 
tude of the district, in the )M»sitiort of tlic ;iili;u ('nf i na^tt n( the I'arifir, in 
the nature of the currents of the Nortii I'ac-ihe, or in tlie direction of tlte 
prevailing wind, would not only modify the tetuperature and humidity of 
the district under eonrideration, hut would aflfeet the wind velodly, Ihe 
cyclonic activity, and the cycle of annual dimatic change. A variation of 
wind velocity wniild make itself felt in the rate of dissipation of lakes and 
glaciei-s; a variation in cyclonic a«'fivity woidd manifest itself in the supply 
of water and snnw to Inkos :md irlnHprs: nnd a vnriatioii m the nnrnird 
cvde «)f cluuate might aft'eet lakes and glaciers not only une<iually but 
diversely. 

Too fittle is known of these last mentioned influences to warrant any 
attempt to discuss them here. For this reason, and for this only, they will 

1)e i<rnore<l in tlu^ ft>llowin}^ i)anigraphs; but it is understood that the con- 
sideration«i nbinit t i hi^ advanced are subject to whatever modification per- 
tninH tti the nttiittcii I'lu roix. Restricting- ;ittention to the two elemeiit>« <^f 
hu-al climate, teniperatui-e and vapor tension, we will now endeavor to 
ascertain how the lakes and glaciers of the district would be affeeted tbrontrh 
them by various postulated changes of climatic oonditionsL 

Lot us inquire, fint, what will result fmm a general ehange of altitude, 
or more specifically, from a IkKlily uplift of the entire district, iui liMlIujr 
the Gre.i) Bushi and the adjiu ent mountains. It i-^ w( 11 known that both 
temjKirature and vapor teiisiun m*c inverse function.s of altitude; the tem- 
perature of tlie district will be lowered by the u]ilift, uud tlio moisture 
normal to the new altitude will be less. The atmosphere covering this 
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dntiict IB put of a great eaatirard-tending current irbidi derives its moist- 
we from the North Pacific OceaD. The hypothetic chiuige of altitude will 

not ;ifT< ( t U< Itmiiidity wlieni it enters the district. Its vajw tension can 
b<' nMlu< i'<l to the normnl liv prt'cipitiitifMi, nni\ if not tljus reduced, 
there will he an increase »>t" relative humidity, owing to the lowcriug of 
teinj>emture. Wo shuU liave, then, for the district, eitlier an increiue of 
precipitation or an inisreoM of relative humidity. The farmer would aug^ 
ment the supply of water for die lakes and of snow fisr the gladere; the 
latter wouhl retanl evaporation and thus diniinigh the waste of water and 
ice, Tlie lowering of temperature liki \vi^(■ will not only retard evaporation, 
but will retard melting, and will extend the sptinon in vvhirh precipitation 
takes the fonn of huow. Thus, in every way, the growth «)f lakes and 
glaciers will be favored. Conversely, a general deprassion of the district 
will diminiali lakes and glaciers. 

Let US inqnire, in the second plaoe^ how die climate will be affected by 
changing the distribution of land and water. Evidently, the number of. 
different changes which miprht be pn^;^^lated is uiiliTnitcfl, Init tlierc is one 
particular change to which the tli.strict is iMHiuliarly «en.sitive, an*l which 
may staud for a large class. Tliis change is an eastward or westward move- 
ment of the coast line of Cslifomia, so as to diminiali or increase die belt 
of land between the Sierra Nevada and the ocean. Let us postulate a west* 
ward movement, or an increase of the land. Tlie general movement of the 
atmosphen* in tlii-. i i i,'^:nn is from the ocean to the land, and the moi.sturo 
gathered in mi tlic >urta('e of the ocean is the store when<'e all the precipita- 
tion of the land is derived, ,1'he addition of u belt of laud will iucivase the 
area of unoompensated precipitation, and will thus d&ninirii the gMMoal 
vapor tension of the atmosphere of the ifistrict It has been pointed out by 
Dutton,' that the portion of the ocean under consideration lias a temperature 
lower than the normal for the latitude, so that the air ciurent gmws wanner 
in jiassing over the land. The inten'ention of an additional belt of land 
will add its cpiofa of heat to the air, and thus reiuler the general tempera- 
ture of the district higher. An addition to the coast will therefore induce 

■Ob thr cAiueof the arid alinikla of the westcin portion of th» Ualted Stotca, ity CapU C. !!• 
IHitloD, An. Jonr Sal.| 3d miIm^ vuLO^ p. S<7. Sm tim, Bmm^ Haodboab ittttXhuMa^ p. 13a 
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a diminatioii of vapor and a rise of tempemtiure, and theae changes, as we 
have seeoi are competent to diminiBh lakes and glaeien. The reverae eifects 
will of < uiii-sc \m' wrou<?ht by A diminution of tin" cooat area 

'Hiinl, It't us ondfuvor to see how our distri»-t wcniM he jiff('ct<><J l»y a 
niodificutiim of ot enn cum'Utt*, The influc'iic(^ of such currents upon cli- 
mates is exerted thrnu;^]) their tcJiijmraturv ; und we will j)<>stuljite a rise in 
thu temiK>mturo of the current which follows the roast of California fruui 
north to south. A warmer oeean will give a higher temperature to the land- 
ward-flowing air, and at the same time impart to that air a greater load of 
n(pie<»us vapor. Since tho occanic tfistriet in question is now cooler than 
the land district whose atniospliere it temj)ers, a wanuinjf of the <iceini will 
tend to diminish the roDtnist i>t ti iiiperntnn 'Dw warmin<; tt( the air 
during its landward pn»}i;^ress will thereturc l>u k>^s, and there will a 
tenilency tuwards a higher relative humidity. I'recipitutiou will thus be 
promoted. Evaporation will be fiivored by tlie liigho' temperature, but 
ot>pnsed by the higher relative humidity; and it is not easy to see which 
tendency will prevail The meltin«^ of snow and ice will ))e promoted both 
hy the hi<jher temi>enitiire and by the f^eatt-r length of the summer, while 
the winter, or tlie season in which precipitation takes the form of snow, will 
he shortened. S<i liniff as only a sniall chanjre is consiikied, tlie merely 
<(uulitutivc statement doe* not clearly show whether the increiUied rate of 
snow&U will he more or less than compensated by the increased rate of 
melting; and the uncertainty in regard to evaporation leaves us in doubt 
whether the lakes will swell or slirtnk. 

If, however, we pose to an extreme case,- there is no ro«im for douht. 
A ^vat increasi- of oceiinic tenijMTatnri', snv ten or twenty Fjthrt nhrit 
defrrws, would reverse tlie contra.st of t«>tnpeniture In r\v< ( n latnl and siiore. 
Tho ea-stward-tlowiiig air, instead of being warmed by tlie haul, would be 
cooled; and the resulting pn cipitation would far surpass any possible in< 
crease of evaporation. Tlie Great Basin would beeome a basin of great 
lakea The same temperature change would so abridge tlie winter season 
in the mouMtMiiis, and so enhance the melting powerof the summer, that no 
glacier could jHWubly survive. Tlie convene follows. 
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Finally, let na ask what ivHl result from a change in tiie direction of 

the |rt'iH»ral air current Tlii.s (lin'ction belong* to the grmt Kystcm of 
iitiiu»f]i!i('rir circnlntlnn, and a ]i\r^f clmiige i.s prnrtu'nl]v ont of iho ques- 
tii>ii. We iiro at lilKTty, liowever, to ajwuino small changes, based upon 
local conditions; and we will poetulate that the wind becomuii more M>uth> 
ei^y. Witli such a coune, it will derive its temperatare and moisture from 
ft portion of the Padiic Ocean warmer than that now traversed by it; and 
tho principal ctTci ts iu tlic inmintnin district under consideration will he 
irliiUieal with tlmsi- (k-duccMl in tho last p,irn<rniph, ns rfsnhiii^- iVnm a 
^v;n•IlH r (H can. Al tin )r ofFtM'tH will he < i iiMlitiuiu-d the coiitii^nii atiDii oi' 
tlie belt ot laud travem>d by x\w wind bi-toi-c reaching tho interior district, 
and the distribution of climate within die district will be modified; but the 
probable importance of these oow^rations is not suffident to vamuit 
their discussion. 

It a]ipcai"s, then, that lakes and glaciers would simultaneously incit'ase 
if the district as a wlmlc u rn- to ho uplifted, (ir if the I'anfir Orcnn wvro 
to eucroacli ujwn tlui (.'aliioniiu mast; and the conclusion is less contidently 
reached that tlie lakes of tho Great Biwia would iucrease, and the glacit^rs 
of the Sierra Nevada decrease, if the North Pacific Ocean were wamer, or 
if the ooastward winds traversed a war^r tract But the subject is by no 
means exhausted. We might consider the various combinations of these 
four ]MiHtnlMted chaiijrcx of cniidition, or, going beyond them, wo might turn 
*mr attention to tli>i.,c iiintc renntte causc;^ of j-hnngi- to which theories have 
appealed m e.xplunation ol Pleistoceue gUn iuiion. Whether we attempted 
to trace out the consequences of far-reaching geographic changes, of vai-iap 
tions in the eccentricity of the earth's orbit, or of the terrestrial wandering 
of tllO eaith^l axis of intation, we should <<(|iiiill\ find ourselves involved in 
a maze of complexity, and ultimately brought £soe to £sce witli the im|)er- 
fcction of tlie science of meteorology. 

Reviewing the immediately prec eding tliscussion, we see that the partial 
view which talcos account of temperature only, or of aqueous vajxir <mly, 
results in a definite condusiou. Hie broader but still iiartial view whidi 
lalces account of tempemturo nnd aqueous vapor conjointly, but neglects 
other climatic elements, leads to no definite oonclodon. Certmn dunade 
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oonditioDfl, manifeating tlienuielveii tfirougli tempcmtnre ami humidit|ri 
affei't lakes and glacier* in the same way, while other climatic cenditieiM 
affect them in npposifti ways. 

Uovi<>wiii<r tl)>» rutin (liscussinii of rlimafic nnnloorif<, w<» nro foircKl to 
the c()nclusi(»n that the \veij(lit ot tlie aiiHio<,ne arj^unu'iit lor tlie com liition 
of lakes ami glaciers has been (»vei-estiinute«L llie fjiet i"emuiiis tliui the 
lake epoch and the ice epoch helong to the some short division of geologic 
tiine; bo does the further fact that each was a peculiar episode, interrupting 
a disthict and vi'rv ditl'erent coxn-se of eventH. These two focts establish a 
presumption in favor of their correlation, but this pre.suntption gains only 
nitiflcnite KUp]iort from the parallel lii]inrtition of the two sr ts of jdu- 
nonieiia, siivce tlie »iuaiity of the glacial epoch is not generally accepted; 
and it gniiu no support, m we have just seen, from the consideration of the 
climatic conditions afliecting the lakes and glaciers of the Great Basin, The 
correlation of the phenomena remains as a woiking hypothesis^ bat before 
it can regiUn its ixwition as a fully credited theory, it must l>e sust iim fl by 
new nrfrnmentH. Fortunately, the data for its further disctissidn liave been 
ili'vcloprd by the nroologie researclieii iu the Great liuiiiii, uud to these data 
Wit .sii;iU present 1\ prix-eed. 

THK KKKKCT OK A CHANGE IN SOLAR ENERGY. 

The present place, however, is more convenient tlian any other for the 
disc^ussiou nf a climatic question who»e answer is of prime importauoo in 
die interpretation of the geologic data just referred to. Tlie question is 
that of tlie influence of a general duiugo of temperature upon the growth 

of glaciers. If the radiant ener«xy of the sun were to become greater or 
less, 1k»w wouhl the glaciers^ ut tlir e;irth be affected? Would am inerea.se 
in the affcs^ion of snlnr Ik .if, m- woidd a «h'cn'ase in its accei««ion, cauite 
tlie prewnt glaciei"s lo expan<l and new iiriuM to Ije ghiciatedf 

It is a familiar &et tliat the glaciers of the i^esent day are restricted 
to regions wh«re the temperature i>t low. They are more numerous and of 
greater size in polar regions, and there only do they reach tiie Orean; in 
temperate and tn»pic4il climal«'s they occur only on high innuntains, and 
their lower liriiif varies with the altitude, beintr liiirlH ^t at the equator and 
lowest at the poles. These faetti uf dii«trlbution have ueui>iiuned the preva- 
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lent opinion tliat cold is the primary condition of fflaoiation, and that tlie 
climate f >f tlic f,'lacial epoch or epochs was a cold climate. If it were Ix'licvcd 
by all, ft-H it in by some, that Pleistocene glaciatiou was produced by a va- 
riation in solar radiation, the majority would oono^ve that variation as a 
diminution. Keverth«leae, there are not wonting investigators who enter- 
tain the opposite view; and w> long as these include men of such wdght as 
Franklan<l,' Tyndall,- Croll,' King,* Whitney,* and liecker,* the majority 
should at least refrain from dogmatic assertion. I am tlirrefuro not C4>ntent| 
mm of that inajority, to let the Hubject pass with a mere expression of 
opinion. 

Qenerally speaking, the vapor tension of the atmoej^ere is greatest at 
sea level, and it decreases rapidly upward. If the air did not circulate, 
but remained stationary, tlie elastic force of the aqueous vapor would cause 
it to be diffieed upward, and the product of e\ itpnnition from the ocean 

surface would lie oontinuoii-^ly adrled and diffused until there was complete 
saftmition throughout. Vim theoretic static condition of the atmosphere 
with reietience to moisture is one of satui-atiou. The actual condition of 
imperfect saturation is caused by the vertical movements of tiie air. These, 
in accordance with well known laws, produce precipitation, and it results 
that the vapor tension of \]u' air at every level is, generally speaking, con- 
siderably below the tension of sjituration. Strachey, and afterward Hann, 
by stud)Hng the reconls of numerous ob-^ervjitioim at flifferent altitudes and 
in different regions, have deduced the general law of vertical distribution 
of moisture.* It is, tliat the relative humidity of the air i» not a function 

'0* llw phytlMl fM» «' 11*0 OlMliri EtMicii, R} p.. Frmklmd. PbilOMpUnl Masasla*, vd. 
V, UH, t. Stt. 

<TbB Form of Waiter, by John Tyndall, p. Alio, II«t goaiiMtMS M ft Modo of UotioB, 
Cbftp. VI. 

'Cliiuttto aud TImn in th«ir 0«oliigic«l tU'lntioni, lly Jiinca Crall, New York, 1S7S, p. 79. 
*Tbo GmloKical Kxplorittiou or the Korlictb Pnraltnl, by Clareiiro Kiu^;, vui. I, p. 
*T1i<! cliuialici chaiiKM o( lat«T (teo1»|{lcul tlm<-«, by J. I>. Whitney. Mem. Miiik C'oinp., Knot, 
vol. 7. No. 2, pp. a&'l. 

*T)!iup«ralnro jiml ^jUcintiuu, G. F. UmUbj, hi Auii'r^i .iii .Juiiruul uf f^cU'm r, M #i;tu"», vuI. 2(5, 
tp. 167-175; alM> vol. JT. |pp nS-tlCt. 

'Oil th« ilislrilHiiinu uf :M|iH><ini« vnpor iti Ihr u])]>i r imrt* of thi' 3trn.>iij»iioro, by Lieat. CoL 
Ill«ll!ir.l 8l I ii. !..■>', F. K. S.. I'l.,M:.'.vlili;;r< R«.wil Si« i.'t> <.f l.i.-ul vol. II, IS,;.), p. lt«. 

(<n tlin ilitr.iiiiittnn of iuiiu<4>u« rafmr with iiicreaxin;; altitude in tbe atmoaphare, by I>r. Jnliaa 
Ham.. Zt jt'< III in n. st MiM. Oejiell., Ir^Tl, Tol. 11, ISO. (OiM ftMi tnatfBtiaB tff Clamla»a Abfe* 

id 8niith»ioiii»>i Ui-i>i'ii lor IH77. ii. Wti. ) 

Stracboy )iot.'s tlmt thr roTicln^ion wan originully r.-ii ticd liy Dr. Jiwiph Mnofcir, hut Moohart 
inAnnae wm baood only opou obaerratioua In tli« Hinialay«*. 
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of altitude, or, in otlu^r wonl;*, tliat for «*iU'li altitiido tho vapor tmwioii hours 
tliti .same relatiou to tlio tuiuiiuii of »utiirutioii. It is not to bo iiU)jposi>d that 
this law H ordimirily illiiAtrated by the eoudition of a local atmoHpherie 
cdunm at a given itistant; it is exemp]ifi«d otily through the comparison of 
the means (Xf huge bodies of obsorvationa. 

Notwithstanding the <'iii|)iri<- nature of this hwv, it is possible to extend 
its applirndon soinewhitt hcN-dtnJ t]w ('xistiti;^ onlrr (»f thin;^s; for it is evi- 
<It nt that iuhRt tho intlucnrc nt atiiiM^pln ri*- tiri-idation the liumidity of 
each isothermal and isohygral stratuni of the atiuossphuru i» detenuiiiud by 
tlie humidity of tlie stratum beneath it, tho humidity of tlio lowest of all 
being determined by the rate of evaporation from the surface of the ocean. 
A univenml rise in the tempt i at iirc of the atmosphere, unless it was suffi- 
cient to materially aecelerate t\w eirrnlatioii, would liave the effect merely 
of raising all the isothermal stmta and inscrtiiipf a w;irivi» r stratum at the 
batie of th^ SKiries. This, by virtui^ofits hiirher temperuluiv, would aecel- 
erote the oceanic evaporation, and thux bo enabled to maintain the relative 
humidity required by Strachey'a law. This ctmclusion implies that rates 
of oceaiuc ev^wration are ]m>portional to the saturation tensions of the air 
at the surface of the ocean, so lon<>: as the relative humidity is undianged; 

a pro|M»siti<m rendllv ili ilnrililc fvnm tho neefpted lau' of (•\ ;(]>or;iti<in.' 

In stiitiii;; the al)n\ c pi Dpositions, it lias not Ixn-n possililo ti> iiieoq>orate 
omtinuouHly the (piaUtication tluit they are of tho most general character 
and ignore the extreme variability in time and place wUch characteriaes 
both temperature and humidity. Despite this qualification, tliey appear to 

' In an artii-le "Oii tbo ilciwiiiteiu o ^^ at> i • vapontiun ou tbo tesiipvratnro uf tlio water ami 
tbenovmiraiof III* kir", |»il*ll«b«d Ui tlm iii-iH<rtoriaiii fur MiatMtntlogie, Sk Patanbug, lr77, Aitlei* 
t, p.9,8tMafMiummnA tftOmm tb« (ol\o«\ua furrniila: 

*=sA(S — () + li (S — »)«-. 
ta wklA • I* (to mM of tiVtiMirittkiii. S U tbe Mktumtiiin vt|Mir ti-iiitloii coritwpoiiiIliiK to the teiuperft. 
tnNof Uw ttVft|lOniling wata-r, • in lh« vupor ta^intioii of ttiv air in (M>iiln<-t with tliv vral«r, ir is tlio 
vctoeUjr of (1i<l irla4, •ii-l A and It itm c'oualitiitn. Hiuox fur tbo |ireitviit |mr]>oM> w« may ienuro local 
VMialiait^ we «n «iii«|»i«d to irinipliry tito fonwnto bjr n|[*t«Uns ih« •mtigma* Klraud w«(«r m of 
tto HniD towpanlun^ and by i^tkidlas (to wlii4 «• MMlMt. Witb (kto guiiUliMtlM (to fotaidl* 

V m Ooattwrt X (S' — f }, ar c CmM»m x (1 -*|^}. 

in wWdi i» (to Mtvntton tNiiMi of tto *b. Tto AmUoh oxpreaiM Am tiikHf* hnuidl^, aad 

•iiice tbi.'. i» by |>nHi ui ■ [. <;oiiiiM(, w« hm 9t tto Ml* ^Tavftymtin, • dmiito fiioctloD of 8', (to 
ontkMi Mmioo vf tlw air. 
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mo to warnuit tim lV>llo\v iu<f t,<»n»l!:ini-. If a {^<;in;nil ri«e slioiilil tako place 
in terrestrial temperature, afft'ctiiig all local ttim))eraturea alike, the local 
moisture condidou would be rimilarly affected. The local ca|)a( ity for 
moiBture being everywhere greater, the Itical vapor tetunon would likewise 
be g;reater, but the relative humidity' for each locality would roinaiii the 
same. The evaporation not milv frnin tlte (i<-e;iii, Init fmni I.ikr-> and sur- 
faces of ice itiul snow, would be iucreoiied iu tUu ratio of the iucreaae iu the 
local isatimition tension. 

The increase in capacity for moiatnre for every unit of temperature 
change is not in precisdy the same ratio at all temperatures, heang somewhat 
lees for high temperatures. But the difference is so small that no material 
error in introduced by saying that tlie eviipor.ition of moisture from the 
entire earth's siirfnce in pr«)j)ortional to the saturation t(»n«i(»n conx-sponding 
to the nu'un temperature of the surface. Hince the total cva|joratiou iii 
prcciMily equnl to the total precipitation, it follows tlwt the latter likewise 
is a simple function of the saturation tension, and. tlie distribution of temper* 
ature remaining the same, the local precipitation foUowa the same law of 
change as the local evaporation. 

Up to tlii-^ point it ha« been asKiimed tlint tlic niovenient« of the atmos- 
phere in ilin rtion and velocity ai-e unatiectcd )jy a ^i^t ueral chan;^e of tem- 
perature, and it now remains to comider the validity of tlm ai>i»umptiou. 
The rate of evi^ration is known to depend in part on die velocity the 
windf and the rate of precipitation is known to depend in part upon the 
amount and intensity of cyclonic acticm. We will g^ve first oonsideratioii 
to wind velocity. 

The mean tem|ierature of the; surface of the earth, reckoned from tlie 
fi\?eziujf jjoint of water, u about + 1G° C. The absolute zero of tempera- 
ture is considered to be — 273° tso that the ineiui nbiHiluto teniiMit-ature 
of the earth's suifooe may be taken as SBO**. If the constitution of the 
atmosphere were fixed, it is |m>bable that there would be required, to in- 
crease of temiH'i-itture of the earth'e surfece by 10**, an augmentation of 
fsnlnr heat rtinouiittng to ^ or ^ of the pivsent nmouut. In fact, however, the 
i."onstitut!r)n ut" tl>e jitniosphere invariable: at lii^jher temjwratiires it con- 
taiu.s a larger aiuouut of aqueous vapor, aud its j>ower to abaorb and retain 
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hunt and iliu-s Hcquiixi it in]n>nitnn„> is n ri|irocully au<4^iaetite(l by a(|Ue(ius 
vapor. For this ruasoii, tht; ratio (tl .solar i-adiatioii to be added for 10'' ruo 
of temperature is eomothiug le«a than ^. Deing nuable to evaluate this 
qualification, we alui]l mnke use of the fraction uudianged, with the under^ 
standing tluit it is too lai^ Owing to the difference in attitude of the 
various pralaonB of the earth with n-fcn'ticc to the sun, the distribution of 
nohir enerj^y ii* unecjual, an<l hence arise the principal contnints of tempera- 
ture on tlie earth's surface. These contrasts causti the atinos])heric cirrnln- 
tiou, by meauft of which a partial uqualizatiun of teniperntur^ is etfected. 
The differraiee lietweea the solar energy reonved iu hi<^h latitudes and tliat 
xeceived in low, or the differential solar energy, is the force maniiested in 
the winds, and its work la the friction of the circulation. Tlie differential 
cneri^y is directly projiurdoual to the total solar energy. Tlie law «>f aerial 
friction is not known, but it is comntunly jmsuined to be )i function of the 
s<lU!)re of the velocity. If this assniiipiiun is cornet, then the sfjuare of the 
veioeity of t irculatiou varies us tlie solar energy, and au iucrciuent of ^ »" 
solar energy will produce an increment of ^ in ii'elocity. Gonstderations 
connected with the conveyance of heat through the drculation of moistiuv 
show that this estimate is somewhat too large, but as we are unable to give 
them a quantitative expression, we ]>ass thenj by. The fonnula for rnte of 
evH]>onition jj^'ven hy Sidling (see note to pap> t?Rr)) makes that rate a 
direct function of thu velocity of the wfnd, but in such way that on the 
ftvenigo the rate varies only about ^ as rapidly as the wind. The ratio of 
wind acceleration for 10^ rise in the mean temperature of the eardi's sur&ce 
being less than ^, the ratio by which evaporation would be accelerated 
through wind velocity by the same rise of temperature is less than The 
snialhiess of tllis ratio OMSUn^s us tliat the acceleration of tllO wind may 
gjifelN' Iw disix'garded in a discu.ssion of such geiienil changes of tenipeni- 
turc it^ ni;iy rensonnbly be postulated to account for Pleistocene glaciation. 

'I'he i'onditions under which cyclones are generated are comparatively 
obscure; but iu the ultimate analysis they are necessarily referred to differ- 
ential temperatures created by the sun. It is probable, therefore, that, like 
the general winds, they would be affected little by a general rise in die 
tsmperature of ihd atmosphere. 
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It is to be iiotc>(l tiiat au iiicrt>ii8e iu wlud velocity, by iucreasiiig 
evapoaratiw, would fbub tlie relative humidity, and thereby increMe the 
precipitation. Au increase in cyclonism, on the other hand, by increanng 
precipitation, would decrease, the relative humidity, and thereby increase 
evaporation. The conjmnt t'flVct upon evaporation uiul jHTfipitation le 
tlufrefure (-uinii1ativ«s while tlie effect on relative humidity is, at least par> 
tially, comptMisiitory. 

Finding no gi*ound for important qualification on ut'count of varying 
hitentlty of atmoa^eric circulation, we return to the original dedactions as 
snhstantiidly accurate: First, a general rise of terrestrial temperature will 
increase evaporation, gi'neral and local, in the mtio of the saturation ten- 
sions corresponding to the initial and final temperatures. Second, it will 
incren.s<< ]>n'cipitatio!i, <jfrienil and local, m tlic wime ratio. 

Wo are now prepai-ed to diiK-.Ui$8 tlie iininediare conditions of glacier 
growth, and will first consider a region in which the temperature never 
rises above tlie freezing point In such a region, the only factors afibeting 
the accumulation of snow are preoipitatiou and evap<Hation. If the former 
is iu excess, there is an accumulatiiui, and it.s amount !h measured by the 
difference of the two factors. Since ear h of tlu sc fr»i tiir-» follow.H the sfune 
law in reganl to tenip< ratiire, that law applii*H nWt to their iirithntetical dif- 
ference; and a change in the mean annual temperature will affect the snow 
aocumulation in tlie same ratio that it affects tlie saturation vapor tension 
of the mr. If the temperature rises so as to exceed die centigrade aero 
during a portion of the year, the annual cycle of climate becomes itnTiicdi- 
atoly divi<led into two portions, which it will he convenient to eall winter 
and summer. Snow accumulation, then, hana higher rate, l»v n-a.^nn of tlio 
liigher tt-iuiKJiiitui'e, but tluH higher rate iii restricted to a shorter peri^Kh 
With progretwivo advance of annual mean temperature, tlio rate of snow 
accumulation is progressively incronsed, while its period is progressively 
sliortened, until finally, when the annusl temperature cycle falls entirely 
above the fteezing point, snow accunndation <;eases altogether. 

\i* MOO!) )is the fcinpcrature cycle includes smnmrr, a tMi-<] fuctor is 
introrlueed — melting. Snow is melteil in pni-t li\ l ontuet witli warm air, in 
^iuri by heat nidiutiou from the lower part tlie atmosphere, iu part by 
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diit'ct inHt»lHtion, in part by tlie heat lilKTsiteil in the lormatidii ot den , ;md 
in jMirt by wanu raiu. TIiu ratu of melting h thus a coinph'x finu-tion of 
tlio tcm|)omture of the air, tlie IiumMlity of tlie tUr, tlie donniesa of the sky, 
and tlio temperature of the rain. But these four factors are w> rekted 
among tlKunsflvi's that a suigle one, the tcnipenitnra of the air, may (airly 
ht' rt'jfuithMl as the measui-e of the rate of mehin};. The tcniperatui-e of 
the hnver air is ifMclf conflitiinu fl hv the rh»Hnu's,s of the skv, tlie humidity 
of the air is, briKuil}' speaking, condifioned liy it^ tem]>eratun', and tlio 
tempeiatoro of the rain ir conditioned by that of the air. Tlio total aimual 
loss by meitiog depends likewuje on the lengtli of summer, and for preaeat 
purpoees its measure may be assumed to he the product of tlie length of 
summer into the mean temperature of summer, expressed in omtigrade 
degives. 

F«>r the pnr|io8e of bringiu<f together the j-onehisions nt the preceding 
parugrajjhs, we shall now resort to a graphic method. By the aid of a 
few tem^iorary postulates, the law of snowfall and the law of snow-melting 
may each be ffven the form of a curve, and the rdatiou of titese curves 
will exhibit the law of ndv*- accumulatiou. In Fig. 35 die line X X' is a 
senle of tom])eratures, each point rep- 
resentiii;^; ii nierm nimual tempeniture 
of a particular district. Tho tennx-ra" 
^ures are reckoned ia ctiutigrade de 
greos, and at every tentii degree a 
-vertical i« erected. Vertical distances 
represent rates of snow accunndation 
and of snow mcltinf;. For the con- 
struction <»f the curves, thr<'e ptistti- 
Uites were iniule. First, that wliaU \ t-i 
the mean temperature of the locality, 
its temperature range or the difference between, the mean temperatures of 
its coldest aild wanni st iiiMiitlui is 20° O. Second, that its annual curve of 
temponituro change is of tlie usual type f*>r <'old regions. Tlu"nl, that tho 
rate of precipitation h tniiform throughout the year. The line C I) E is 
the curve of snow accumulatiou. For all tcnipuratures below —10° it» 

XOV I— >-19 




Flu. U,— Pirnt OkiKram of Glxciiliim Theiiry. Hofl- 
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ordinfttea are proportaoncd to the eorrmpMiding mtunttSon tiMuioiu. For 
ciu li iK^nl between —10° and +10'^, the ordinate ropresi'iitH the product 
of t!u' (•<fm'H|K>nding «atumtioii teiwioii by tlm leiijrfh ((f winter, expressed 
as n tViu rion of tlie year. The Hoe A B is the curve of mchtn;^' I'm li <>t 
its ordiiiates represents, for the eorrespoudiii^ mean annual teinpeniture, the 
product of ^e 1eii<;th of smomer into the mean temperature of aummer. 
To the left of A it coincidea with the axia A X. Each of theae curves rep- 
resents a«yateni of ratios, and the unit in each system ih arbitrarily assumed. 
Any other assumption of rehitive imifrnitude iiiifrht liave Ijeeii made with 
equal propriety, but such assumption would not affect the essential charao- 
ten> of the curves. 

Since each ordinate of the curve C D E rq)re»euti} a rate of »now 
accumulation, as affected by precipitaliou and evaporation, wldk each 
ordinate of the curve A B repreaents a rate of melting, the differential 
onlinatt^ iuchided betwwn coirespon^n^ points of the two curves (to the 
left of their intei"section) representj* that portion of the winter's snow which 
s!irviv('K the sunnner's nieltiiiff. It represents the net acciunuhiHon. Its 
niaxiraum value is at A, corresponding to the mean annual tem|K;nnure of 
—10^. Witli progressive fall of temperature it diminishes, at first rapidly 
and afWrward slowly. With progressive rise of temperature it diminiahes, 
at first slowly and afterward rapidly to the point of intersection, I. 

We may now, before dniwing firud conclusions, examine our postulates, 
and intpiire what errors lh('\- intr<T(liice. In addititm to those stated above 
theix^ are several implied pu^tiilatrs w liit li aic wortliy of considenition. 

First, it is assumed thai ilie annual tem|MTature range, or, more pre- 
cisely, the range of the monthly means of temperature, is 20** G. This is 
not fiur from tlie average temperature range in existing glacier regions, but 
tliere are some localilJos where the rangr' Is s.nriewhatless, and otln rs whei-i? 
it is nnich greatt^r. Tlie a.ssimiption of a diftertfut range would j>rwluco in 
the diagnim a jiair of curves difFerinfc in ])roportions Init identical in type. 

Secondly, it in postulated that a ciiauge in the g(;nenil temperatui'c is 
not accompanied by a change in tJio local annual temperature range, or, in 
other words, that the temperature range ie oonstant Tlie pre<»se nature of 
errors introduced hy this postulate is not easily seeUf but oonsidemtiona 
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analn<»'Otis to tlnts« l*> w hii'li attention was called in iliscnssiiiL' the \ ariatiuna 
ot wind voUn'iry suggest that a rise iu general temperatui'e w«iiilil ]»roilu(-e 
a sliglit exjjanHion of local temperature range. The corresponding corrective 
modiilcation of tlie curves would fall entirely to the right of the ordinate 
A D, and would be unini|Nirt«int. 

Tliirdly, it is jxistulated tlinl lln' local luuuial curve of tenijierature is 
of the type nsnallv oUHcr\<'t! in cohl re<rions. If ohsi'n'iition atTnnli d iis 
infonimtion in re<raitl to tlie tetnperature cycles of n« \c di->.tncts tlitir type 
would bo tho one to eiuploy iit the contitruction of our curves; but thei-e i* 
no reason to bdieve that tlie error iucumd by our ignorance of this point 
i« conwdenhle. 

Fourthly, it is ]>oittttlated that the curve derived {totn the monthly means 
fnllv repn'sciits tlir t«'niperatnn' owillatif»iis of t!i<» v<*nr. Tliis is inaiiifcstlv 
untrue, for nut <>iily i< tin 10 a diunial oscillation, often conipai^tbie in raiifj^e 
to tho auuual, but tlieru are also iiou-peri«»dic oscillations of cousideruble 
magnitude. It IS A matter of ordinary experience that a melting of snow 
often takes place during the wtum portion of a day whose mean tempera- 
ture b below the freezing point, and that precipitation sometimes takes the 
fonn of snow duinng the cold jiart of a dav whos»? mean temperature is above 
the freezing point; and that snows may fall in tlte midst of summer and 
thaws occur iti the luidst of winter. TIium the actual temperature range iu 
any individual year is greater iluui tlie range obtained by tlte metliod of 
monthly means. It is imixrasiblo to make satisfactory allowance for this in 
tlie oonstraetion of our cur\'es, for the reason that the importance of the 
diurnal and non-periodic oscillations varies greatly with latitude and with 
distatu'c froni the (x-cjui Tin curves as dniwn represent s»ifficieiitlv well 
the r( l:iti< iiiH of snow aei iiiiiiil.itinn and melting at niaritin)e stations, but 
not at interittr Htatiotis. The general nature of the luodifa'atious necessary 
to adapt them to interior tstatious is easily indicated. With the mean annual 
temperature at 0° C., the ratios of precipitation and melting are unaffected 
by tlie neglected oscillation^. With tlie mean amnial ti inperature at or 
near — 10°, the nitio of pre("ipitation is diminished and that of melting 
increased. With the mean aimuni tenn)eraturo at + 1"^. the ratio of pre- 
cipitutiou in iiicrvtweU uud tliat of meltlug dimiuiiihed. Tbo applicatiou of 
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tI(f>so c'oTTf'rtioiw to tlip diasTtm would lower tlio curve C D K m tho itii- 
iiii'iliaiu vicinity of D, siiuMitliiii'T out the augk* ut that point, would leave it 
unchun^'d whero it intcntects the onUnato nf 0°, and urAitld eany thu point 
K fnrdtcr to the riglit It would roue tlio ciinre A B at A, and lower it at 
B, leaving tlie central portion miclianged. Tlie point A, or the intersection 
with tlie liuiizontnl axis, wouhl lie tlimwn tO the left. 

Kiftlilv, ill (lie (••instinu'tltni of the enrvew no allowance was iTia<lf fr)r 
eva|M>ration din'ing siniiiiK'r. Tin' ciii x ]) I", iucliulcs only wintpr jijM»ra- 
tion, tho eurvo A H «»nly suinuier melting, i lie nue ol' t \a|>oratiou for 
finow and ice has its nuiximum at 0% its law changing at that point Li 
the general law for aqneoiu evaporation, the rate of evaporation is a func- 
tion of the diiferonoe between the saturation tension corresponding to the 
temperature of the evaporated «ahstance and tlie actual vapor tension of 
the evaporating air Since snow and ice can not rise in t<-m]K"i-ainre alH»v(' 
0"^, thev can only lie evaponifed when the atpieous tension of the air in 
contact with them is less than the i«itunition tension for 0''. If it rises above 
tliat, raoistura is deposited on the ice as instead of being ab«tnictod 
from it In all but very exceptional cases the range of summer tempera^ 
tures und4»r which neve can evaporate is small — from 0** to 5° or 6°. The 
effe<-t «>f the evaporation Ih to retard the wasting of the ice, for the energv 
consniiK'il l)y it is deducted from that Jivnihiblc for rneltiTig, and a unit of 
Holar heat can melt saven times as nnich ice as it can c'vap<mite.' Tlie cor- 
rection, if apidied to the curve of melting, would slightly increjisu its upward 
concavity. 

Sixthly, the winter evaporation embodied with the winter preeiintatton 
in tlie curve D E b tacitly assumed to have a rate comfsponding to the 

inenrt aiiioinl tempera tiu'c ; it.s nite is really less, Iwiiitr a function of the 
riieaii winter temperatnre Aii i iinr i> tlnis manif('>tl\ iiitmduced, and this 
error Lh givate^st for the annual temperatures c^irn^sponding to tdiort winterti, 
A corrtwpouding correction of the dtagmm would nuAi the line P E by 
amounts increasmg progressively from D to E. 

*Tbc coDditionH ilvtcniiiiiiii^ Ibe ovaporHtioii nf lev ami the foriuAtioti uf ilew uu glnciciii nra 
rlrariy net forth H«lni, «bo oltM MperiowaUl vvriAcattoM by Dafoar and Fm«L 8m " HaadbMb 
•l«r Oliitachirltiiiidv,'' b/ Dr. AlbfMht Haiai, pk W9e «, mad Ball. Bm. TMtdaljB daa m. mt. 1811, ff. 
4 9-410. . 
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Seventhly and finally, H in [MMttilated that the pi-ecipitation h uniform 
throughout the year. Perhaps no liotter postulate eonld be inade if we 
wifllusd t«> express the gt-nenil fart fi>i- the entire earth «tr for a hemiAphere; 
but our atttnition is reuUv restricted to n |ir< uliar chiss of h»calities, nanu-ly 
thftwi in wIhcIi the cliniatir roiulititms .ire Mimcwhnt fiivornhle to the fiinti;i- 
tion of neves. It i* evitlent that tlie massing of pn>cipitation in winter is 
a favoraUe con^tkm^ and we nught with propriety a.ssign to our typical 
locality a precipitation curve including a winter maximum and a aummer 
minimum. Such a [seeipitation cnrve would increase all the ordinatee of 
the line D E of tlio fliagrnni, except those at D and at E. 

Of the.w posttdiitfw, (tnl\' tlic fiiurt!! iiml s(^\('iith mnteriallv affert the 
prohU'tn nndci- ( (msidcriition. 'I'lie tlia;;i aiii ( l-'ij^-. ii.">) repiesent.s .sulliriciitly 
well the neve i-onditions at stations of maritime climate where tlie precipi- 
tation is equally distributed through die seasons, but it fails to represent 
them for stations of continental dunate^ and for stations at which the annual 
curve of precipitation has a decided maximum. It h desirable to give 
graphic expres4»ion to these clas-ses of stations also, but it is unnecessary to 
consul) r them separately, since the modifications which they Occasion affect 
diil'erent portions of the diafrram. 
Ikith ty|x;s are combined in Fig. 36, 
the oompntations for which assumed 
a mean diurnal tempemtnra range of 
10^, and a midwinter precipitation 
twice as great as that of midstnnmer. 

The vertical (1i<f;imfs between 
corresponding pointful the lines C D I 
juul X A I, a.s before stated, represent 
annual additions to the ndvd at a 
particular locality, each individual 
vertical corresponding to a particular mean annual temperature of the place. 
Tlie position of the maxinaim vertical indicates the t»'mpenifure at which 
the annual nrve increment reaches its maximmn. The positi<»n of the 
intersection of tlu^ two liueti iudiuites the limit to ncvu formation, or the 
annual temperature above which ndvd does not gather. 




Fli:. 3ii - I>i»i;li«m .if 0l4Cl<.ti'<ll TNeorv. Ilorl- 

C«iitlcnd» di'gwu. TIm> anliDKUo at C If K am nlr» of 
SiMfrOll ihu etapantiiMU. TIhi onttoklcs 9t S U 



Digitized by Google 



294 



LAKE BONNETILLK 



We may repeat, too, dwt m the ordiiiatet of the two corves ezproM 

ratios only, tlie UUpIltude g^ven to the ciineK of the diagi'ttm i.s a mere 
matter of convenience. Thnir r*>1ntive amjilituflr. nn tlip other hnw\, U a 
mutter of iinpoiiaiico, to wiiidi mmw attention niiiHt lie ffiven helore the 
curvea cim bo properly iuterpix'ted. Assuuiiug that the amplitude, with 
refereuce to the axis, of the curve of mdting, A B, m fixed, tlie amplitude 
of the carve of «nowfa]l, C D varies with the precipitation as oontrolled 
by local conditionH. For localities of great pm'i])itati(>n its amplitude is 
great, and the jioint of intersectinn, T. falls to the right of iti« mean |H)sition. 
For localities of loss precipitation the amplitude is less, and the point of 
iutt)r8tiction falls farther to tlie left. For lue^ilitiuH whutw precipitatiou does 
not exceed the evaporation, the amplitude becomes negative, the curve faUs 
below the axi% and the expremlou for the n^vd increment has no poeitivo 
value. Now, for the localitieB of existing n^v^s die higheit mean annual 
temperature is approximately 0°, and it may })o assumed without material 
error that fur tlie must faxoiahle localities the amplitude of the snowfall 
curve is sm-h jus to la iu{^ its point of interst^'tion with tlu uieltinpr curve on 
the ordinate con-espoudiajj to 0°. The snowfall cui've of the diafiram tliere- 
foie has an amplitude near the maximum, and repreeenta a locality of great 
precipitation (as compared to other localitiea at the mme temperature) and 

higlilv favmal)]*' to the accumulation of n^^. 

In (litierent localities the hi^'hest annual temi>erature consistent with 
ndvi' a( 1 mitulation may he a,s low as — 10° or iw high jus 0°, or, more accu- 
rately (gi\'i»g heed to the first pontuliUe), the range of the limit is from tlio 
climate whoee mean midsummer temperature ia 0^ to tlie elimat<> wliose 
mean annual temperature is 0^. The maximum nivi increment in the case 
represented by the tUagram is at — 9**. Witli the greatest admiAilble ampli- 
tude of tlie snowfall cnr\c it woidd be at about —8*'. With a very small 
positive amplitude it womM a few degix-es below — IfV''. It does not 
vary far in either (hrectioii Irom —10^, or (arhnitting the ipialifif ation of 
tlie first pt>stulate) from the annual temperature coi-rejipoudiiig to a mid- 
suntmer temperature of 0°. 

For each locality there is a definite temperature limit above which 
n^v^ can not accumulate. Starting from this limit, the maximum rate of 
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ndvd inrrpmpiit i?* r(-;ii licl by a tall of temperature aninnrifin ' to something 
tliiui liiih file Hiinuitl liuige for tho locality. With c uiumiu'd lowering 
of tempenitui«, liteie U pro^sdve diminution in tho amount of mow 
annually added; l»ut, within the lange of temperature the ctmrideretion of 
wliii-h m demanded by <mr practical problems, there ia no indication of an 
inferior temperature limit to the areiiimilation of snow. 

In applying these principles of lu've increment to the eomOiition of 
glacier expauidou with its appropriate temperature -liange, it is convenient 
to conmder two esaea. F'mt^ let ub conceive a mountain slope all ]Hirta of 
which have the same typQ of annual snow&ll curve. The actual «nowiiB.11 
at each level depends upon the temperature coireqiondii^ to that altitude. 
A certain teniperaturo marks the lower limit of ndve incixnuent, ami there- 
fore the htwer limit of neve. From this Ihnit upward to the siiiinnit, the 
whole surface receives an annual iiH-remeut of snow, whirli is not »lisHip«te<l 
iu place but is eventually converted iuto ice aud ilows dowuwjird to bo 
melted below the mivi limit The maximum increment to the n&vi occurs 
some thousands of feet above the limit~'«ocording to local ccmditions it may 
be 1 ,t KM) feet or 10,000 feet A volmne of ice equivalent to the total annual 
iit'vi- iiicreiiietit pa.sses each year from the neve zone to the zoiie of melting, 
and the ili-tjim o to which the ice advances is a function likewise of the 
annual supply atforded by the ivivi. Assume, now, that the genend tem- 
perature rises and is oontiuued at a higher rate until the forces once mora 
reach an equilibrium. With the rise of the isothennal jilaues the n^vd limit 
rises, and likewise all elements of the oiv4 ulieet Tlie tone of ndv<5 accu- 
mulation loses a strip at its upper margin and tin total ainmmt of the n«'v<5 
increment Ixn-omes less The nimiinl flow df iic trom the zone of neve to 
the zone of melting is correspoiuiiiigly less, aud being sooner melted, it 
maintains a narrower lone of melting. Thus in every way a rise of tem- 
perature diminishes the glaciated area. 

Consider now a spot which by its topogra^^c cwfignration b reudered 
favonible to the accumulation of ndvd, although surrounded by a region 
unfavonilde to such accumidatiou. Assume that the tem)>ei-;itun» is at first 
high, an<l then falls with stM-idar slowness. As soon it incises the h)cal 
limit, the formatiou of ueve begius. With hUII lower temperatures, tlie 
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annual increment beoomett greater, up to a cerUun nMUcimuni, and afterward 
becomes lew. As soon m the temperatura permitB the accnmulatJon of 
n^v^, motion enBuefl, and a stream of ice flows from the locality. The HtrcHin 
is at fii*st small, rapid, and short: rapid, becansc ice niovcH inost (retAy when 
near its molting point; small, berauxo it is rnpiil; and sliort, l>('niu.s«> little 
dt'SfCiit i.s nfressarv tn briii'r it intn the y.i>\u- ut melting. As tlio tt'mpt»ra- 
turo falls, tile motion is n-iunled by iliininishing plasticity, and to niaitttain 
the annual discharge a greater cross-section is neoes-snry. The annual dis- 
chaige, being equal to the annual n6vi increment, is at first increased and 
afterward dimitiished. Its increase conspires with die impairment of plas- 
ticity to enlarge the cross-section; its final decrease at very low tempcni- 
tinvs tends in tlie njiposite directinii, niid m:w iiltimntely over|Mt\\ ( r tlie 
effect of diniinisliing plasticity and diminish the cross-section; but tlie tem- 
perature of maximum ci-utu^section must lie far b^w the temperataue of 
maximum nivi increment Within the limits of our practical problem, the 
depth and breadth of the glacier increase with faU of temperature}^ and its 
length increases at tlu- same time, because the conditions of melting are less 
and less fa\ nrabli' the lower the tem)>erature. Conversely, n rise of tem- 
perature (Jimini.^lies at (an c tlie glaciated area and the depth of the ice. 

A moment's reflection will show that into these two ca.'ies all actual 
<Mwes are resolvable; and as their indication is identical, we conclude in 
general diat a ttniversa] rise of terrestrial tempeiatore, such as would be 
produced by an increased Mipply of solar heal^ would every where diminish 
the magnitude oi n^vds and glaciers. 

It has been previously pointed out that an increase of gladation in the 
Sierra and the Wasatch by means of a general elevation of the district 

'8no» nnliiiarilv \vi'li1i'<! i:iUi Ire by tbe froetiDK of int<>r»tilial wnttr; liiitat low tein|M'iiiliin'H 
llirrv i» no iiiti islitKil wakr, aud tlia welding caa be accoinplixbn) only byj^rrat proasiiro. In rri;iuii« 
n lien- I 111' (i-Mpri iitiiro Dever riites to 0 a great )l<'|iiti nf hiiow {■ urcennary to tkc cnn win hit inn of i In' 
lower tayera. Froui tho naUifT' of Ibe eiMin. this ilrv wclilin^ < .tii u»t Vw? olwrvt il m naliiro, but iln 
Bi'tniillly baa tM>eii di'moiiiitr.it< >l in tlio !,ilH)riitory tir llio rxiK rinn iii« of .\[r. E IIiinKerfonI (Anier. 
Joiir. Sripiirc. Ti»l- 2^, ll^*'"J, p. tlUi. If nui i'\tf>riti;: irhuici^i hhIuiIi' .itiy v\]iU'li urisi* in fliin way, 
tlHfio III' til'' .\:it,(r :t 10 n'i;ii'ris .in |ir<>l>:tlil.v "f tliii clin"'. In Kitmll ilist i irti <if (jrral nild, hiil ti aa th« 
U»p» of liiuli ■noiintiiiu", (!ir' iliy '.n.r.v i'. ilii(t«t frwl)' by the wind ami liuda its way t.i lowi r U'vrU 
iMHasd nf Bcciiinnlatin^ m ^.ti it 11111x4 \slii'r« it full*. 

It i» cniirrivabic tbai an oxtn'iiily < >>I'1 cliuuilo would ileniaud for tlutcoiuollilitian of ita nnnw 
D greater iin-KHiim ibitn would evnr hv rri.hyi il ||f lU HaWMfaltUD!, tat «M)l S IVFVtMlMl MM h 
twjroiid tb« Umito of tbo Ptoiatocoao problem. 
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would be aocoinpanied by a lnwcriug of the k'lnpemtw© of the district; 
and tfajkt a similar lowering of the temperature would accompany an in* 
vr»we of gladation by ihe encxoachment of the Pacific on the OaUfomia 
coast, by die Wning of the temperature of the Pacific, or by a small 

change in tlie diix'ctiou of tlic f^reat air current. Adding now that a lower- 
in<f of frmpcniture thr(»n;fh the It-sseninjr <>f solar lu ut wnnM inrrrjiw tlio 
{;lari;iti(iii, we iimv continue tlie dincu-ssion vt tlie I'leisttK-eiie lak«'s witii tlie 
a8tiuntni-e tliat if lliey were contemporaneous with the uncietit ghuuers of 
the Sierra Nevada, tliey occurred during epochs of relative cold. 

THB BVlDBirCS FROM MOLLOSCAM LIFE. 

Hie hydrograpllic hoiiina of Lake Boimevitle and Lake Lahonliiii have 
the Mime latitude, Ke at s^ribly the same altitude, and are in general 
characterized by identical physical eonditioiM. They are moreover con- 

tiffuous, and sepacttted hy no "barrier. Tliere ii* thus every i^ason to ^oup 
tlicni tii;.M tlier n« ;i single liotnofreneous fauna! rlistrict, and it will lie a<lvan- 
titguinis HO to regard tlieni in discussing tlic rlitiiatii' intprnT*ot:Ui<>n of the 
vestiges tliey contmn of Pleistocene life. The Bonneville fauna has been 
enumetated in an earlier cliapter* The Lahontan fauna is described by 
Rufisell in hia monograph.^ Elach is meager, but taken together they afford 
bases for dinmtir inf* i riii t' in two biologic divisions, the division of fresh- 
water niollusks and ihe division of vertebrates. 

The frf'sli-wntcr inolltisks were cfillcctcd mm op])ortunit\- offered bv 
Kusselfs parties and ni)- own, and specimens weix' sent to Call for exainina* 
tion. His preliminary results were of such interest that it was detemuned 
to ailbrd him an opp<n1unity to atudy the fossils in the field and to collect 
their living representatives in the same district Ho accordingly visited 
Utah and Nevada in the sununer of IHS3 and spent two months in gather- 
ing the recent and Pleistoct iu' .shells. Tlu; c«>nd>ined colli i ttotis were afti-r- 
ward studied bv him and became tln^ sul»ject of an essfiy on tlie Pleistocene 
and recent niollusca of the Great Uiisin, which was ])ublished lu n Bulletin 
of the Survey.* Tlie statements, which follow are partly based on tliia 
publication. 

> 0«ala|ie*l Hiitoi7 of Lake Lahoulan, pp. 2a>^-'.24<.). 

'On tlw Qottffiwijr ami RMciit nwlliMcs of Ibe Omit Bmw. Bjr B. Klbwonb CsIL BnlU 
V. & OmL Swv^ Mb. tU MM, pfw 13-«r. 
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A« ftp|)ears from the following table, 18 species have beou obtiimed 
from the Botmeville strata and 23 from the Lahontan. Eight of duBe are 
identical, making the whole number of qiedea from the entire district S3. 
The number of recent species known in the same district is 36, and 26 of 
these are qiecifically identical with the Pleistocene forms. Tlie entire 
known &una of the district, recent and Pleistocene, oomprises 43 spedes. 



Tmhm ZL-^flnMt^ftr ■nUV* to (It i 



Uiiiuaklw... 



MiirKariuiia nmrgnriiiicrii, Liuu K 



AiKHlootB DDtlalliaDa, Lrx. .. 
8|ihiMi«iii doBtataji^ H«ld . 

■tiUtlaan, Lwa.. 

UMi cnmi>roissuiii, Prime 
nMitam, Ilald. 



eorpotrntas, 8»j. 

kairiKiu, Gould 

trivolviH, 8»y 

■obgmiMaa, Cup 

OynmlM pMrai% Siy 

vcrniicnlariii, Qoald 

Meaetiis operciilaris, GiniM , 

LlawapliyM pnlaHtriit, Mull..... 
MunMBi,Iteinl 

bomRk Sft; 

buliiuoldea, Lea 

IxniDevilleaiiU, Call . 

dMldioM, 8»y , 

eapmta, Ihiy ...... . 

UmiM •IsgnaK*, Lhin 

Ritdix uiii|>la, M:^li ... 
PbjM gftioM, Say .......... 



MSpotlacea, Ooald . 

bettirastropba, Say. 

flli|.ti< .i, I..U ...„, 

luidl, Baird 

Ponipfaaly X «ttuB, Lw. . . . 
Cnrliiifcx imwlwrryi, . 
Aiteyliu ucn> berry i, Lea . . 
*p. indM 
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TABtR XI.— fW«l>iMler SMU (a tk* BmmtvUU'Laimmlan ^lra»— CimtiniMd. 



ValratidiB. 



dalli. Cma 

longioqiia, Oould 

poratft, Halil 

cincinnationaia, Antk. 

PimDinlMta riMes, HsM 

Pyiliila BavMliwHa, BtcanM . ... 

Hy ttiliii'Mii liitini'_\i, Tryti 

I Vatv«tA vifKux, 'J ryuu 

ainccra. Say ........... 

POBklivpai* laatiiaa, tejr 



•I 



Conaidering that the mrch which ha« brought to light these 49 species 
has been far from exhaustive, alike in the existing waters and in the Heia* 

t4>coiu> stnitii, it is somewhat reraarkiihlc that five-sixtlii) o{ the fossil fonim 
arc kiiowii also in tlic pm-cjiI wntcrn of i\w district; iunl wo arf jx'nuittt'tl, 
it iinK i ij \vc are imt coin|H-Ui'cl, to regani the Plcistoci'iic aiul rectfiit iaunas 
iis actually identical.' The differeueet* between the kuowu faunas sire there- 
fore referable to accidents <^ discovery, and can not he given a climatic 
inter]unetation. If however we restrict attention to the 26 id«itical spedes 
and compare the fosml with the living reproHeutatives, we find a varietal 
difference of very .striking duUttCter. The fosnil shells are smaller than 
the living shells <vf tlic H»unt> s|M'cic>». This fact was discoveretl by Mr. Call 
durinjj[ his preliminary exaininutiou <»f the fossils and was afterward verified 
by on elaborate series of measurement^i. Not all of the 26 species were 
collected in sutBciait numbers to afford a goo<! determituition of tlie average 
sixe, iiut enougli of them were well represented to give assurance of the 
generalit J of the law of difference. 

'ThU iurereiire nilniila nfn nistlii'mnlical vx|>resifiuii, I r tin- xlrenifta and the Htrala conlaiii u<>l 
only tbe «aui« iiiiinbcr of sii^cira bnt llio sanin aimifM. ami if im <i tit' tlioao ia vi|iially <lia<!<>v«rnbl<>, tlx-n 
tile mutt priiluili:ii iidihIk'I' of iileiititif< .,r <<pijii iili tn v^ l.i-twf<'ii llii- kiiii« ii In itio; .(|>i-.'ica and Iho 
known fixmila la lixjifttiwil hv ili« iinwliH t III' t ln' iniuiijer <>l living »|Kicirit known inli) i1j>' iiuniber <if 
fiuMl apeeim konwn, divM«il I'.v tin' tnl.il niinitu r of 8|>«clo8 ia (Im entire fannik. We do tint l.niiw ilun 
tntJk), bnt it aurely exce«U 4.i; I'ouaiilerlii;; liow very anial) a portion of the entire fit-Id haa bcnn 
Ko;iirc)ied, tbcrn cau be no vskggMNlhw iu MtlMAUms U at 60. Tbe watlieaiktiMU fiirmul* tlum give* 

.ftix_3-i_ ^ Aa tbo most probublo uunibt^r of iticntival foi'ins in the fumil and reiynt colleclioua. In 
•Hi 

point of fact, not all «|M'«i«>n »ni ei|iiitll.v ilUrnwralilx. Siitiin are ralutively conspicuoiia ami olbera 
relatively ubii|niluil*, i>n>l thi sii wiMilil l>i im ri' [lUrly to m < iir in bfith c«>llectioiiH and tbux iucrritMu 
the numlicr of identical forina. The nnnitwr of coiuciitenc«a actuall;^ ubaervoU, S6, i« Ibanfunt ia 

rthMNtltrilyt 
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OifMfmiiiN md oiM^To aocoant for this difference iu nxe, several hypoth- 
eses were Biigg«»ted, but only two appeared wortliy of diacutnion, and to 
these Mr. Call dirct^d Ins attention. Hie first hypothesis u that of cold, 
the second that of salimty. It wa.'s ulrondy known that the life of each 

mrtllusciui specicn in coiiditiotKMl In' a ('crtniii ram^c of tonipornturc nxul 
by a cortiun rnn<:c 4 s;i1inity, nnd it was naturally intcm-d that si ituvfriiig^ 
of tc'injH-niturt' insutlicii'iit to caii.se extuiction niitrht iu<lucb depauperatiim, 
and thftt a similftr efiect might be produced by liiv proaenco in the ancient 
kke waters of a small percentngo of saline matter. For the purjioBO of 
testhi;; these inft'renccs, coraparalaTe meBBXir> tits were made of slu lls now 
liviii;^ ill watt^rs of various tein|K>ratun*s, and also of shells now liviii;r in 
waters differiiifr in salinity — all specimens beiug obtained from the ik»une- 
ville-Lahontan distrit t 

Chnrch Lake, near Salt Lake City, Utali, has an altitude of about 4,300 
feet; Little OuU Lake, in tlie Mono Basin, at the eastern base of the Siena 
Nevada, lies tliree d^^es farther sonth, and has an altitude of about 7,700 
feet The temperature of tlio s<M-oiid hu-ality is not known as a matter of 
ob.senatioii, but a ecmiparisoii i<f ttiiinu'-nipllic i"elatioTi>, and «'X]«<<m!»I1v of 
the terifstrial floras, leads to t]\f lu iiff tliat th<»n» in ulioul as nuuli dirier- 
ence a» tliat indicated by the altitudes, tlie elimate at Little Gull Lake 
being 8 or 10 degrees (F.) colder. From diese two lakes the same species, 
Phjfta an^i^aeea, was obtained in the same monfli, and comparative meas- 
urements were afterward made of series of adult shells. Tlie ratio of siae 
(linear) was found to be 100 (Ciiureli Lake): (Little Gull I^ike). 

Honey Lake, ("n!ifoniia, and Warm S])rniir I^sike, I'tah, lie at nearly 
the 8amo altitude and latitude. Their temperatures are not known by 
observation, but a« Warm Spring Liike, beiuj; of email area, has for its 
principal tributazy a largo spring of water at 128*' F, it is higltly probable 
that its mollnscan life is conditioned by the higher temperatureu Specimens 
tii Idnuu^pkj^ |NtfMs/m were collected from both lakes and afterward meoa- 
ured, the ;)V(>ni<.a>H showing a ratio of 100:88 iu favor of tlio S|i«ciinens 
from the warm lake. 

The^i two illuiiti~<itioiis support the hypothesis tliat witliin the elimatic 
range of the Oreat Basin a low tempemtnre of lake water is le>iS favorable 
to the growth of gasteropoda tlum a high temperature. 
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D«p«up»r««ion «<v<i 8«iidiiy -In wt'kiiijj for nntiiral ('xaiiipU's innstr;itin<r tlic 
elVcct of saliiiily, tlu-iv was not the same sniTcss in tlit' cliininatiiHi <i! < niu- 
citlent diirt'ivut us ot' ^tatiuu. Some of tliu hrackisli lakes of llu* Lulu>iuan 
Strict coutaiii living kIicIIh, but tlieiw arc not nvailsihlc for (-otuparitMut, 
becauw) the mme Bpocien Imvo not also boon UiiMMvorod in tlie fretih watovn 
of th(> district. Recourae waa tlierefcire had to brackish sprin<rs, and the 
shells inhabiting these were compared, one S]H'<Mes with the deni/ens of a 
fn'sh-wat«'r lakcf and nimtltt r with the deniz«'ns of fivsh-water poiifln, The 
bim-kiiih Kprtiigs attording the siiciU rise from the lionnuvillu marls at the 
eaateni batse of the Promontory run<>re iu I 'tah, and are not tliermal. Thdr 
waters were not* analyzed, and their wliuity waa teatod only by taste. It 
waa eHtimated to be leaa than 0.5 per cent Spedmoiis of lAmnop^m 
jMiliistrin from these sprjn<,'s wert* compared with other specimens from 
Honey Lake, and fouiid tn he only seven-eifjhths !♦< iMVfjre. thf> pn'ciHO ratio 
Iwiiin- K7 : UH>. iSpecimi ii-. nf /Vv" 'j^iriua were coai|iared witii other speci- 
mens from Iresh (ioudji near Salt Lake City, and found to havt? u linear ratio 
of 82 : 100. It appears, then, tluit salinity is i|aite as eompetent as cold to 
determine the depauperation of fresh^'water gasteropods. 

We arc thus led to inquire whether diere is any indeiKmdent e\ idciK o 
in re},'ard to the fix'shness or salinity of the waters of the Pleistocene lakes. 
In the case of Lake Lahontan the pix-jiumption is strongly in favor of 
salinity, fur the lake has no outlet, and tlK>n<^h it may ])ossihlv on moro 
than one occasion have hmied lU tuiliuu matter under playa depusitti and 
thus freshened its water, we cannot say, with reference to any of the col- 
lected shells, tliat they belong to any such fresh-water epoclk The testt- 
nionv aft'onleil l»v the <U ]i;m]H nition of the I^ahontan shells is then-fore not 
a\ ;ulii1)l<' ill thf Himntu* prolilrm. Thi- case of Lake Honneville is diffi-'rent, 
for iliiriii<; its km ihhI ('\[»ansion it tn-shened its water hv overHmv, and the 
sediment deposited during the second rise is clearly ditl'eri ntiatcd. We 
cannot indeed demarcate the jiortions of this bod which belong respectively 
ti> tlie ei>och of rising water, to the epodi of outflow, and to the epoch of 
desiccation; but we Icnow from the phenomena of the shore-lines that the 
rise of the water was slow, that tlie <lischartre was Ion}; sustained, and tliat 
the liual subsidence was rapid down to the level of the Stansbury shore- 
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line. We are thiw enabled to mmrt with much confidence that the upper 
\»j«rs of the White Marl between the leveia of the Pkovo and Stansbttiy 
flhore-Iines were deposited while the hike was fineshened by ontflow. And 
finding tliat «hdU gadierod from those layers are small in siz«, we accept 
their ilepuuiwration m evidence of a coldtfr climate. The «ul>joined table 
kIiowh mpasnrcments of 25 adult sliellfs coUeff*''! from th«»«e layers' ncnr the 
town of Kekun, and gives comparative lueasureinents of 18 individuals 
fonnd living in Utah Lake, tlie largoBt body of fresh water within the 
Bonneville area. Hie ratio of linear diinenmons is approximatdy 3 : 4, the 
recent ahellB being the larger. It is noteworthy that while each series 
exiulnts oonsiderable range in size, only two or three of die living shells 
are as small as the larg'e-^t of the fotuiik 

Ta«ui XII. MH»mr«mnU» «/ PlnmUtiMktflmu. 
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THE EVIDENCE FROM VERTEBRATE LIFE. 

The Pk istoct'iie mnmiiials tlius far discovorefl in the BoniK-ville and 
T^ahoiifan litwins are few in uuihImt I'i i'l)osi iilean bones (^EIci>hm or 
Mttstodou') were found in tlie "luturtucdiati! Uruv t-ls'' of the Lalioiitnu Biusiu 
(equivalent to gravels of the Inter^Bonneville epurh), in the L |)|icr Lahon- 
tan beds (equivalent to the Wliite Marl), and in a bo^ resting on the White 
Harl. Bones of a Iiorse (Kquiis), uf an ox, and of a llama, and an oh^^idiaii 
ftiTow head, were found in the Upper Lahontan.' Hones of musk-ox dis- 
covered near Oait Lake City, though of doubtful age, are presumptively 
Pleistocene. 

The list is ijreaily extended by including the fauna discovered by Mr. 
C. H. Sternberg near Christnuis Lake, Oreigon. Hie locality was afterward 
visited by Mr. RusaeU, who found the containing formation to be a lacus- 
trine dep<i»it sxnTounded by a shore-line, and othenviKe a- n ' ir in its phys- 
ir;d rclnfions with the Bonneville and Lal1l>nt.^n and other i'lListorcTie Ik ds 
ol the (ireiit liiisin. The horizon of the vertebrate remains Is close to the 
top of the fonaation, indicating approxinjately the sajiiu date an tbid of the 
White MarL Cope has studied the bones biologically, and firom him we 
leam that the fauna includes the coyote, a beaver, and two species of gopher; 
and of extinct mammalH, the miunmoth, an otter, n giant sloth, two ( ii s 
of horse, threi* of llama, and a deer. It includes also the coot, three living 
gix-lx's, three living geese and one extinct specieSi an extinct cormorant^ 
aud an extinct swan.* 

In order to ascertiuu the bearing of tixoM vestiges on the question of 
the contemporaneous climate, attention will be given to the present climatic 
and geographic range of such of tlie species as yet survive, and also to the 
pre^^ent range of tiie genem to wliich extinct species lM>l(»ng. 

Man is now co'<ni<ip(>]itnn. It is known that in Plei.stm-ene time ho 
livt (1 near tli<- iiiiirgins ot Kiiropean and Aniencan ice Kheets, hut his con- 
teni|><jraiicuu8 e(|uaturial nuigo is not ascertniucd. The coyote, Cants Ith 
initus, ninges southward to the plateau of Mexico and northward to the Sas- 
katchewan Pliuns. Xear its northern limit the local annual temperature is 

' Uiiimll. Oootaglul HUtory ut iMke LabontM, pp. tBM, MS-ft. 
•BkIL V. a. Sumy THflk, rot. 4, 18719^ p. m 
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about twc4ity ik-<rrcci< lower tlian at Chmtixia« Lake; ne«r ite flottthem limit, 
luun) than twt^nty dt'jj^w.s liiglier. 

Tkomoiuif f tiitpukUa, a (Mx-kct <^uj)lier, mt);^>H from Kauaaa to tlie Aasini* 
boin River, its range including dimatos Bli^jlitly wanner and aUo from ten 
to fifteen d^rees cooler tban that of CShristmas Lake. J^omimys daniw, 
beiii}^ known (nilv iji its type i*iM'rnii»;ii, has no rang*. The climate of its 
nAii known locality, Itri<lgier'» Pass, Wyo., is five or ten degrees coder dian 
that of Cliristnins I^iki*. 

Tltu lieavrr ix'ported is C'aahr Jibet; the* Eurupt'au H|)cuiti»; but ius the 
duitinctueBB of tlio American form luis been denied, it \» powible that no 
diMsrinunation i« here intended. The European beaver lives in northern 
and central Kurope; the Amerioan ranges from Arisona to tlie Arctic CSrcle> 

Tim luu^k-ox is now restricted to that part of North ^\jnerica lying 
north of the sixtieth |Kiral]cl. Tlio most {r»niial climato (»f its r,in{re is far 
nioiD Kt'vero than tlmt of the Salt Lake Valley, biiT may perhaps bo com- 
pared with that of the recesuea of the Wasatch and L'iuta niountuiuij. Dur- 
ing the Pleistocene it abounded on the plains of Siberia as well as in Ger- 
many, Franco and England. 

Tlieotlit r in;i!ntim1iau species are all extinct, and one only is known 
to liave climatic sig^nificance. Thu luaumioth was characteristic nf the 
Knn>|K ;tn Ploistocoue, and was distinguished from iiviug elephants by its 
hairy couL 

Tlie modem otters beUmg to temperate and sub-aretie faunas, and so 
do deer of tlte genus (km»». The Ikmias are at liome in the mountains 
SiMith America, and range southward to Terra del Fuega 

ifodcrn representatives of tlio liorse genus live in tropica! an<l temper^ 
;it<> r1itnnr< < but v.x ricistocuno times they shared with otters and dcors the 
boreal climate ot Eii^rlniHl. 

Of Uio cliiuat(! suited to tlie fossil sloth, Mt/hdon .soiliUi.s, wo luivo no 
bettor evidonco tliaii is afforded by his association with this fouua. 

Tlie coot, tlie grebes, and the geese all range far to the north and to 
tiie south of the Christmius Lake locality. 'I1ie coot iang(>s from Ahiska to 
Central America. Podircps occidentalis is known to range from Mexico to 
northern Manitoba, i*, cfUifomicm from Guatemala to Great Slave Lake, 
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I'tviUymhw< imlirrits from Soutlt America 1»» Uritisli T\>ss<'ssi<nis. Avs<r 
caiimlciuiin oxtemla frum tbo Arctic Circle U» Mcjuci*, A. alhijii»i.s ijumhdi 
from AUuika to Texav, A. wgrkans from the Arctic Circle to tlie p^iimuh 
of Califoniia. 

The extinct swiiii and cortnor.uit liki^wiso belong ti> g<on«ra of coinid- 
orahl** raii<f«. Tliougli CiffpiuM aiul (irarnlu.s (K-cur chiefly ill tlie temperate 
SOUc, tlu'V ovcqKiss lH)th the tropic atxl the juthir circle. 

The aviiUi life muuifciitly Uiruw8 uo light on the (|iiestioii <>t chiimte, 
and tbe wune may be Mud of man, the coyote, tlio bonver, tlie otter, tlie 
deeri the hones, the Ikroaa, and the sloth. The preiieuce of tlio gopher 
oomportai with the idea tliat die olunato of die laeuKtnne epoch did not differ 
widely from the present climata Hie mammoth favors the view that the 
climate was cooler. The musk-ox speak.s more (l('i iil('«lly of cold, l)ut his 
evidence is doubly indefinite: first, V)ecan«e he mvav have lived on the lulja- 
ccut high mountain.^ instead of iu the tialt Lake Valley; tsecoiid, becauiie 
we do not know whedier he lived during a lacustrine or during an iuter- 
keuBtrine epoch. 

All told, the evi<lence from vertelmto life appean to me not merely 

inconclusive but valueless. TemjK-rature is one of a complex ftf faetom 
r<iTisfitntin;r clunate. Climate is one of a «'omplex of cotulitions Irriiiffii'^ 
the distriltution of vertebrate species. It is not safe to assmne in the ca.se 
of an individuul species tluit temperature is the important or coutruUiug 
foetor and then draw inferances in regard to temperature; only the cumu- 
lative testimony of a fauna can yield trustworthy condusious. 

The available bi(»dc evidence is thc'refore restricteil to the testimony 
of tlie fn-s1i-\vat( i niullrtsks, and this, if T understand it ari<;ht, p*iiiits t" 
the c•onchl^i^n that tin- lake epochs wen; epochs <if relativ*; cold. So far OH 
it goes, it fuvoi>i the corivhition of ice maxima with wuter maxima. 

TKB BVIDBNCB PROM BNCROACHIMO KORAINB8. 

As first announcod by Emmons, the glacier that fcinneriy descended 

Little Cottonwood Canyon from the Wa.satch sunnnitM I«#ft its moraines 
within the area of Lake Bonneville.' A little fardior south, two other 

'& K. EnnoM. Owl. Explor. 9t llM 40tli FMalW. wl. S, ji. 364. 
HOir I a» 
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nioraiiK's, hi loiigiii^ to the snine group ol' fjliu-iers, lio nt alx>ut tlu^ Mime 
level; but with these cxoepdous all v«istige» of the Pleijitocene glaciers of 
the bAsin lio abovv die BonnevUle uliore-lme. 

In tlie Lnlioiitaii Bmdn th«i« ftro no oimilar nwtaiiom of oontSguity, 
but iteveral occur in the Mono Iksiu, and tlieir phenomena are belierod to 
I>e gennane to the jm'sciit ilisciissioti The I'leistoeeiio history of Mono 
I^ake is recorded, like that ot Ciivat 8alt I>Jike, in a sheet of siidirneuts rising 
Ironi the water'ii edge to & Hystciu uf encircling shorn truc<i8. A* <leter- 
minecl by Buwell, tiw expanded kike liml no outlet,' so that Ha o«cllUtions 
mast have been determined purely by climate. Hie Mono draiiMge basin 
k oiie of the many components of the Great Basin, and is contiguous to the 
Iiydrographic basin of Lake ]><diontan. Lik<! Lali<»ntnn, its water suj^ply 
is derived niuiiiK- fnxii tlic Sii rr:i Nevada, which overhangs it on the west- 
Analogy suggests thai itn lake surface rose and fell in rcsiwuse to tho samo 
cliniutic chaugiis that created and abated Liike Lalioutau and Lake Bonne- 
ville, and this view is sustained by the evident freshness of its fossil shore- 
lines. In one respect, however, the oonelation is incompletoi Hie Bonne- 
ville sediments and th(f Lahontan are each cle;irl\ divisiltle into two series, 
separated by a horizon of unconfonnity by erosion; but in the Mono lijLsin 
no satisfactory division has been made out. Tn my mind, this negative 
evideuco, which iiuiy fairly be referred to imperfection of exposure, Imn lem 
weiglit tlian the climatic analogy, and I am deddodly inclined to regard 
the maximum flood of the Mono Basin as the equivalent and oontemiwrary 
of the maximum flood in eaeh of the larger basins. I shall tlierefore die- 
cuss the relation of the andeni shore-lines aiul sedina^nts to the moraines 
at th<> iiinmhs of tlte Sierra canyons as a ]>rii t nt' the evidrtu-e in regard to 
the iioiinevilie (dimatu. First in ortler, however, jir« the phenomena of 
the lionnevillu liasin. 

wmhiii.Bauniita ifaitf Mi.-Tlic weslem front of tlie Wasatch is determined 
by a great fault From tlie line of tliis fault an alluvial plain descends 
westward to th( .Toidni River and Great Salt l/jike, while eastward Hpriiigs 
a steep £ico of solid rock, tlie escarpment of the uptlirown orogonic block. 

> <)mlHBMy niatory or Ifeua Vallay, CMIfbrate, Iqr L C SomU, Bightli Aan. MtfL U. a. OmI. 
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At intervals the r<»fk fact> is divided liy nam»\v clefts nr ^;Ucway.S whenco 
streams issue from tlio interior of tlio range. Ik>twecn au-h |mir of adjacent 
streauM i« an acute ridge of rocic, whose roof-Hke croew-profile marks >t a« 
tlie ]>rodm t of aqiicotU HCUIptUre. Tin i iid i>f eiu li is tniiiniterl by the 
great fault, and the truneati-d terminals, standin<r in line, eonstitute tlio 
rnck f;i('(i tit the innrLnn <>)'fli<- plniii. The jtlain was c"o\(-ri'i! In" the water 
of the ancient lake, ami tiie llonneville shon<-liu(3 is seon d partly on tlio 
allnTium and partly on the favo of solid rock. Ijittle Cottonwood Canyon 
heads in the highest part of the range, among iwtdcs with an altitude of 
12,000 feet, and after a curving course of twi;l%-e luileH eudM at tlie rock &ce 
in a y~,iteway whose threshold in uliglitly lower tluKi the Uoniieville sliore- 
Ihie. Tlio fi'lnfit r whirli mn-icntly fidlowc d it issued from the {^atewav, and 
at its niaxiiuum «lcvt*loi>nuHit eneroaelicd npitii the plain alMiut one mile, 
recording its position at viuioua stiiges by lateral, frontal, and turmmal 
moraines. Within tlie throat of the canyon, scattered erratics are the only 
debris, but immediately outaide are maMive lateral moraines. At the mouth 
of the canyon its walls .nc of f^txy quartzite, which in weathering assumes 
a dark brown c(dor, but in the heart of the mugo they are of white granite, 
and thi* ninrsiiiial debris at the margin of the plain is ncarlv all granitic. 
This contrasts sti'ougly with the dark quurtzite, aud enables the obtierver 
to trace out the distribution of the erratics from a single commanding posi- 
tion. The lateral monUne at the south is of typical form — an acute riilgo 
of granite bowklerB. Whore it joins the mountain, its CTMt stands 340 feet 
above die flood plain of the creek; but it falls away rapidly, and at a nule 
it has reached the level of the pltiiii, lu iiciith which it sinks l5* fon' disap- 
pearing, it divides into four or t\\ v mcnil)ers, all of u liii !i i urvu towani the 
axis uf the glacier in such nuuuiersis to indicate that tlicy were the lateral 
fHirtioiui of suoceBsiTO frontal moraines. The iiortlieni or rigl)t>lmnd hitvrol 
moratue m of a very different tyt^e, being bruad and flat<tu|>|Ktd, aud rimig 
imly about UH) feet al)ovc tin adjiicuiit flood-pluiu of tlie < ret k Its siii-facu 
exhibits fewer bowldei-s than does the left moraine; and a fresh secti4in at 
oiu' point beti-.iys an oh-^ tirc luirizontal arrangement of its iiiatenal Si ut- 
tered bowlders of gninite aix) to be se«'n on the adjacent wall of (piart/,ite 
for more than 200 feet aljove ii^ aud tltese extend northward along the 
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mountain aide for half a mile beyond the canyoiu Theu* upper limit 
becomes gradually lower as the distance hota the canyon increaseB. 

A ( lent r conception of tlieae ralationK inny be derived by consulting 
PI. XLII, where the morainul nmsscs are civlon'il Muf. Tlu'ir proper inter- 
pretation appears to h<>, that at'tcr the phicier luui l)iiilt rwM lateral iiinraines 
upon tlie plain in tlie tiHual way, it expanded towani tlio nui tii, overthrow- 
ing and overflowing tlie moraine on that side and destroying its diamoter- 
istic form. 

The plain into whieh tlie branches of tlie soutlieni Intend moraine sink 
and disappear is alluvial. It iint merely sTirrounds the out.sideti of the 
moraines }>!it fwenpien the spwee lietw eeii tlu iii, and extends up the eanyon 
a halt mile or more. At its upi)er limit in the canyon, the creek channel 
excavated from it ia shallow, but its depth gradually iucreuMis, being GO 
feet near Ae ends of die moraines, and nearly 200 feet at a point two or 
three nules beyond. Where the greatest section is ezposed^ the alluvium 
basadepthof ()5feet, cnnsiHting of p-rnvel, coarse and fine, with a prqHm- 
dcrance of granitic pel iblcs and (K r;rsuiiial jxn^sajres of sniid. lieiieath it, is 
a grenter depth of tine tiand, laminatcil and ri|ipK -inarked, anrl a1tr»nnding 
iu mica tialtes. Tim Hand 'tn evidently a subaqueou.s deposit and i-eeord* 
an epodi during whidi the lake stood higher than the Provo shore-line. 
The gravel above it does not exhibit the cross lanunation characteristic of 
deltas, and raunt be clajssed as an alluvial deposit It marks a time when 
the lake KtootI lower tiian the IVinneville »hore-line, and U probably refera- 
ble to the Provo epoch. To establish the vsilidity of this rt^fereiice, an 
attempt was made to trace the alluvium continuously to the Provo shore- 
line, but tJuH wiui frustrated by a system of recent displacements which 
traverse the plain in various directimis, ^ving rise to terraces which can 
not in every case be distinguished fix)m tho stream terraces with wliicli they 
are associated. After making all allowant^e for rliKplacements, lioweveri 
it is 8uffi<'iently eviflent that when the ancient alluvium was deposited, 
the descent of the stream was less rapid than nt present, nrul thh slower 
de»ceut ia most satisfactorily accounted tV)r hy assiuuing a banier of lalve 
water. Tlie aUuvimn is therefore referred to some epoch of tho expanded 
hike. 
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The next canyon to the southward is distinpiished from Littlo Cotton- 
wood Canyon by having a «t«ep grade throughout Instead of begini^ng 
in the reoesBes of the range, it heads upon die western face and descends 

ubniptly tti thf plain. At it.s lower t'xtrcinity an« nmraint's tHiually massive 
witli tliuM' of Little (\>ttnnu ot)(i ( 'ain uii. Thcv incliulc two latt-ral nioraiiioH 
about a uiik' in U'Uf^tli, >i>i in<:iii»^ trom the aii<:^le» of tlie canyon walls, and 
unitin<r in an uxceptitnially heavy termiual. Just witliin tlie niuuth of the 
canyon is a well-defined frontal moraine, and the branching of the laterals 
indicates that a second frontal was formed between this and the terminal, 
hut has l)een Iniriod hy the allavium aeeunuilated above the ti i ininul 'I'ho 
outllowiug Htmun, Dry Cottonwood Creek, has irult iited the tenninal. Imt 
caHeatle.H in juissiny it, and has iniieh work to pertorm before it will have 
Cj^tublislied a unifunu gntdu thruugli it. This ham oi the terminal is in thid 
esse not bnried l^ alluvium, but the oonfiguratiim of the neigfaboiing plain 
suggests that it may <mce have been partially covered and afrerward denuded 
by streams. (See PL XLII, wliere the creek is enroneonsly called "Big 
Cottonwood") 

Two inilpH farther soutli, a similar hifrh-nfrnfle ranvon, whence inKues 
Bi{f Willow Cnn-k, is i'urnished at its moutli with u similar moraine ,>\ stem, 
of which the tenniual is the most couspicuou.s element It etamis fix-e upon 
the surface, with no evidence of an alluvial or lacustrine covering. 

The alluvial pliun does not at all points reach the mountain side at the 
same altitude, but is hij^hest at the niduths of the large canyons. In the 
vicinity of the nioraiin s, it-* highest point is at the mouth of J.,ittle Cotton- 
wood Canyon, and it is there a few feet above the Innizon nf tlie Hniineville 
Bhore-liue. El»ow}ier& tliu shoitj-Iiue is 8c*>red upon the steep mountain trout 
It is to be seen a short distance north of the northem moraine of Little 
Cottonwood Canyon; it appears again between die monunes of Dry Cot* 
tonwood and ^ Willow Canyons; . and tt reappears beyond the latter; but 
no trace of it was detected upon the moraines themselves. In the cai«c of 
the TJfth' rittfoiiwdod nlomine^!, the alluvial cover prevents examination at 
the horizon ot the shoiHi-liue; but the other muruiueji are fully expoiied to 
view. 
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Before attempting die intorpretatioii of thdse glftdnl phendmema, it 
will be woll to recite again the lacustrine liititoiy with whidi tliey are to be 

,OOliiii;in-<l. Lake !>< miicv illn wjih twict' fonncd and twice dried awiiy. It 
attahiwl its itinxiimitn sizo during its second toiin, Jind the tt cnrd^. of tlie 
HLTond riHinj,'- si» far mask nnrl oMitcratf tlic ivronls (»f llic fii>,t, that those 
are dim) vera bio at tmnipanitively few poiutJi. The shore-line observeil iit 
the vidnity of tlie mmaiiieflf and tlio alluvial «nA houBtral depneitB exposed 
ou die Iwuks of Little Cottonwood Creek, all lieloog unquestionably to tlie 
MNMHid Bonneville epocli, and tbat epocli alone can we hope to compaio 
widi the epoch of the moraines. When the lake reached the horizon of t]ie 
Boiiiieville shore-line, durin<,' its seeond rinin^r, it found outlet, ntid its fiir- 
tlii r rise was prevented. The erosi(ni oj the barrier was exeetnlingly rapid 
until the water luid fallen to the Provo hn el. The resistance of thiji lime- 
stone held the lake at a constant height for a long period, and from this 
level the water finally receded by desiccation. Had the rim of the basin 
Inn-n so high as to prevent outflow, we can not «iy how far the lake would 
have risen Ix'fore the passage of the clitnatie nmximum pennitteil it to full 
agJiin. We mav 1m« sure, however, that the climatic maximum was some- 
what later than the epoch of the Bomieville shore-liiie. On tlio other hand, 
the lake area at the Provo stage was only two-thirds as great as at the 
BonneviUe, and the peculiar climatic changes that expanded the lake wore 
&st declining when the water finally fell from the Provo shore-line^ The 
climate of maximmn efficiency for the production of lakes therefore occun-ed 
nfter the epoch of the liighost shore-line and before the close of the epoch of 
the i*rov«) shore-line. 

If the gliiciers liad attained their maximum extent either during or 
before the epoch of the Bonneville shore-line, then* terminal mcwaines would 
have been subject to wave action at that horison, and scored witli shore 
marks; hut the tWO terminal moraines wliich are well ox]x>8ed to view 
exhibit no shore-lines. If the glaciers had attained tlieir maxinnun after tlie 
close of the l'r«>vo ej)ocli, the I-ittle Cottonwood moniitics shrvnh! rest upon 
the alluvium, iuiitead of being i)artiaily buried beneaili it. It apiK!ar» quite 
consistent with die phenomena to suppose tliat the epoch of maximiull 
gtadadou was covered by the longer epoch of the Fkovo shoxe-Une. The 
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greater port of the alluvium outride die morunes may have been deporited 
while they vm k in pi-ocess of fonnation, the inter-inonuiuil portion being 
added iifti r the ici' liiul rvtroadid. 

Wl' are flm« let! ;issiirii thf saino naiTow fmv limits to tho ojkm-Ii of 
tlio climutic iiiaxuuuiu tciidiiijr to producu lakcn and to the c*p(x-l> of the 
climatic maximum pnidnnng gladerft} and one farther step wilt lead us to 
the conctufliou that the two maxima are identical. But before taking that 
atop, we must examine the evidence from tlie Mono l^lasin. 

sicrr>-M<i<w Moraion.-'nif Pk'istdceiie liistory of tliu McttO Bann was ByBtC- 
mnficidlv itiv( sti«r;it(f? liy IJuss-it ll. Oidy a few days were PjK'iit hv me iti 
tlie valley, and these weiv dcvutid dnefly to tlie features deM rii)etl in the 
following parajrraphs. In jnepai iug these jjaragraphs, I have availed uiy«elf 
of KuBsell^s work wliere>'cr necoKsary, but tlie local doicriptions are mostly 
at first hand. The reader who cares to puisne fitrtlicr the history of tlie 
valley will Hnd it fully presented in Russell's iK»|H'r.' 

I^akc Mon<» has an altitu<I(^ at CJSO feet. \Vnu'n expainlcd liy the. 
Pleistocene eliniate, it carved :i iii.ixiniiun shore-line fi70 fe( t lii^lu i. 'I'lie 
eanteru face uf the Sierni Nevada is here remarkably abruj)t, and the Pleis- 
tocene higlt-water mark rmw very near its hose. In {facial thnes the broad 
back of the Sierra bore a great field of n^vd, the surfiice of winch ranged 
in altitude from 10,000 to 12,000 feet. From tin's sti< amed glaciers east 
and west, and five of the eastward-flowing entered the Mono basin. One 
Htnj(])((! before readiiufr the level of the old shore-line, the nilicr frntr 
reaclieil it or pjissed bey»>nd it. These will be enumerated in order IVom 
Jiortli to south, with whatever de.-»criptioii is necessary to ahow the rekitiuu 
of the observed glacial plienomena to the lacuetraL 

The 31111 Creek glacier emerges from its rocky channel and debouches 
upon the plain at tlie horizon of the old shoi-e-line. Beyond its walls of 
rock its dimensions are indicate*! b\ lat( i;il inuraiiii's, whicli t-apidlx' rt\n- 
verji,'!' aii<l at the same time bend nortliwanl. Tliry aiv >teep-si(lcd riili^cs. 
studded with large bowlders. I'hey extend less than a mile u|xin the plain, 
and though no tetmiual moraine is virible, we are assured by thdr converge 
Mice that they represent the full length of the glader. The old shore-line 
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is distinctly marked not only on the outer fkco of the right moraine but on 
the extremities of both, and for a short distance on the inner faces of both. 
Its chiirnctiT is tlint (»f a clitf and terrace, hut the notch is uot deeply cut^ 
and the extii'iiiities aix- but slifriitly tnuu ated. 

Seven miles fjirther south Leeviuing Creek i»&uc^ from the mouutaiu 
fiice at about tlie altitude of the old Bhore-linc. Hie modeni lake is there 
close at hand, and the mountain face is steep. Upon the steep slope, the 
creek lias built a knge alluvial structure which projects a cape more than a 
mile into the lake. This mass of alluvium has not the Mymmetru-al fm-m of 
an alluvial cone, but desceu<ls .sonunvliat une<|ually and irrejruiarly, !)einj^ 
evidently a cotnjMiund dcltn. flu* cnmpdiicDt jirtrf'^ nf wliich were formed at 
diffeii'ut levels ot tlie lake. I'lie fflai ii r toUowiug the valley of this citjek 
had for several niileti a uuiform width of 14 miles, and this width was 
not diminished at the mouth of the canyon. Like the Mill Creek glacier, 
it curved northward at diat point, its left margin following the flaring month 
of tlie canyon^ while its riglit, as indicated by the surviving lateial morsine, 
swung fre<;. One mile of this free nioraine is preserved, but no terminal is 
to be ^(M ii. Tliere are, however, two we!) ttiarkcd fimital niiuaiiies Iving 
resjn < ti\ cly three-(|Uarters of a iiiilf and two miles i)a< k tidiii tlu' cimI of 
the lateral. The old »lu>re-hue is scored on the outside and inside of the 
lateral mor^ne, and appears also on die ojiposite side of die ghdal channel 
against the fece of the mountain. It can be traced only a short distance 
up the glacier valley, because its features have been recendy obliterated 
by die creek. The end of the momijie ha.s evidently Ih ch ( nt away by the 
waves, but the oxteut of this removal is unknown. The surviving portion 
affttrds n»> indication, by size or direction, that the end of tlie gltir-ier was 
close at hjHid. Wlien tin* lake stood aliout 33 feet lt»wer than its lu'ghest 
shore-line, the cri-ek iniilt a small delta at tiie mouth of the glacial valley, 
the front of the delta reachhig to die end of the truncated ktenU moraine. 
Tlie head of the ddta was at (he foot of the lower frontal moraine. Near 
its head there is a terrace eight feet liigher, which appears to be a fragment 
of an eariier built delta that was destroyed during the construction of the 
lower one. Hie creek channel now lies entirely below these delta plsins. 
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The next glacier desceiuUiig to the lake level iraued from Bloody Can- 
yon, dx miles fertlier math, and at the time of it« greatest development 
stretched four miles upon the plain. Its position on the plain is msrked by 
a |MUr of lateral iimi nines, whicli gradually eonvci^ as they desceiul the 
sldpe. From lu'iualli tlic v\'^]\\ iiuTtilKr of this pair issue \hv oxtrcmitifs 
of two other [niirs, marking enrlii r nmrsi's of tin* mnric ;^l:u ier. These 
older moraines do not rise «o high above tlie \)h\'m m tliose hiTer fonned, and 
are less acute in pruiile. Thoy liave evidently been subjected to atmos- 
pheric agendes for a relatively long time^ ii,nd it seems probable not only 
tliat their crests have been worn and rounded, but that their bases have 
been buried by the slow aeeiiinulation of alluvium. The waves of the 
ancient lake barely reached tlie extnniities of these moraines, older and 
newer. The fl(»tKl plain of tlie strtamli t tvhirh issues from between the 
newer nioniines coalesces sit tin ir i xtn'mitic^ with liiu teirace wrought by 
tlie wavcis so that wo cannot say in tiiis case wiietfier the lake water entered 
the valley between the moraines. The moniines end in low sea dilfa^ and 
there is no terminal, though the conv«!geiKse of tite laterals indicates that 
the ice projected a little farther. Tluit a temunal properly belongs to the 
system seems to be shown by a series of frontals, depodted at intervals 
farther up the ice channel. 

'Hie Ktish Creek ni<irnine surpiifjsed all the others m size, having a 
widtii of 1 3 miles where it entered tlie plain. It-s lateral iiKtruines stand 
free for a distance of three miles, and each one is characterized by several 
parallel erestB, continuous with correeponding frontak. Three frontals of 
some magnitude follow each other in r^id succesdon near tlie end of die 
laterals. The position of the terminal, or extreme frontal, is not certainly 
known. The old shoi^>-Iine is but faintly traced in tim portion of the basin, 
where if margined a sh;il!t.w hnv, Imt its horizon was detennined to fall 
near the iiase of the outermost frontal. A half mile fnither down tlu^ 
8lo[>e the plaiu i» interruj)ted by a few small islands of iiiiii:iiiial matter, 
unmistakably characterised as such by the presence of gigantic erratic 
bowlders. These mark the position of what may be another frontal moraine, 
but is probably the teiminal moraine. 
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With one voice iheso four localitioB tell ii« that Mono Lake oocupied 

its injixiinum level after the frliifit^rs of tlie Siena had rotreiited from their 
niDst iulvniK t <1 jiusitioii. Hut their testimony froes no farther. Tlie nar- 
row rauj^e ol leveln roninmn to the two ni:i\ luive been oecu]iip<l lirst by 
tlie ice iinil ufterwartl by the water, or it may have been oeeupied by both 
farther. We can only nay tliat ^ ico was fiist to retreat 

Combining diis reoult with that aflTorded by tlie moraines of the Bonno- 
ville Basin, we conclude that the epocli of fr|-t>atest j!;laciers ii 11 w itliin the 
second penod of lake expansion, but did not coincide with the epoch t)f 
^f'4ite«t water-s(t]>p!y; it nr< nrn <1 sonu'what pnrlier. If th<^ two sot.s «>f 
plieuonieuu were consnjueut upon the same series uf cliiuatic chiuijfes, thou 
the larautral changes lagge<l t>ohiud the glacial. 

That ench a lagging admita of plaunblo «(p1aiiation may readily he 
diown. Thfi n6v6 and ^aeieni of the Mono district occopted a portion of 
the csatcliment hajsin of the lake. The precipitation 'which they accumulated 
dnntm'' fht ir jrTowfh was suljtrncted from the precipitation tributary to the 
l:ike, ami the same was afterwaiil retuiued to the lake when they were 
rinally melted. Their masji of ice may therefoix^ be rogaixleU m a portion 
of the ivater-sui)])ly of the lake, arrested in iti« progreaa When the cUmatic 
conditions were fiivorabte for die growth of lake and gladers, the growtli 
of tlie glaciers ant;igonized and delayed the growth of th( Iak( . When tlie 
climatic conditi<)ns favored the wasting of lake and glaciers, tlie waste of 
the glai'iers fetl the lake and thus antagoitizcd its depletion. Tlie iisfond- 
iiig and descending phases of Ihc hike thus fell behiml the corresponding 
phases of the glaciers, aud the maxima and minima, or turuiiig points, were 
correspondingly displaced. 

It b to he observed that tltis explanation is quite distinct from the 
theor}-, idlnded to by Wliitney,' tliat the Pleistocene lakes were the st-quel 
of the Pleistocene glariers, l>eing Created bv their melting. Such a relation 
is ([uaiititatively impossible In the Mono basin, imlcci]. the mass of snow 
and ice upon the mountains may have been eipial to tin- volume of water 
in the valley, but in tiie Lahontan and Bonneville hatam it was far too 
small. King's map of tlie Pleistocene glaciers irf' the Bonneville Basin indi* 
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cates a superficial extent of 710 Bqoare mileB, an ai'eaonly ^ as hirgv m the 
water surfaoo of Lake Bonnevilloi One thousand feet is a liberal estimate 
of the mean depth of the ice, while the moan depth of Lake Bonneville was 
about 700 iW t. Tlie body of water was iJierefore about twenty times 
larger than the l)o(ly of ice. 

Tlie cvitleiu'j' from tht; innraitu's i;* tlius shown to \m consistent with 
that from the mullu^ciui tUuau, uml they jointly cunfinn the prcsuuiptjou 
derived from the recency and exc eptional nature of the lakes and glaciora^ 
that the two phenomena were coordinate and synchronous results oi the 
same dimatie changes. The eom>lation of tlic ]»henoinciUI, or^nally based 
on analogy merely* is thus sustained, and it now stands on a surer fonudor 
tion. 

It follows a» a corollary that tJio glacial period of the Siorra NcvadiV, 
the Wasatch, and oliher mountains of the westem United States was divided 
into two epochs separated by an intergladid epoch; and this has not been 
independently showtt The bifurcation of tho Bloody Canyon moraines 
demonstrates a temporaty retreat of the glaciers, but that i-etreat was n< it 
neeeHiWirily great. Tlie f(»llowing explanation of tlie hituii lUiini, a(i\ ancrtl 
by HnssclP ami MeGee" appears to be fully su.stained l)y the |>lienometia. 
After tlie glacier had constructed ou the plain its oldest pair of lateral 
morunea, it retreated to a point near the canyon, and there deporited a 
heavy frontal morune. Readvoncmg, it was opposed by tliis frontal, and 
found a ]ii>itit of least i-esistanec iu the left lateital moraine, whfeli in each 
|Kiir is lower than ihc right. OveiTidhig that, and finally demoli.shing it, 
it took a new course upon the plain, and tins new course wa.-^ afic rward 
nimlified by the same pmcess, the obstructing froutal Ix'ing near tiie 
extremity of the laterals. At almost a«y point in the history thus deduced 
fixmi the moraines, there might have occurred a great retreat of the glaciers, 
involving even their temporary extinction, without the production of any 
features we should be able to detect 

'Kighth Aim. R«pt U. S. U«i>l. Survr>y, p. 357. 

•Metidioual daSMthm «f Im atrcMnt, b>' W. J. McOce, Ain. Joar. Sci., 3d Series, vol. 29, p. 396. 
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80MMARY Of CaAFTBB. 

The Bonneville B«riii or^nated by (Uatortion of the earth's erast, and 
came into exiatenee long befon the Bonnevillo epodt. Little w known of' 

its narlie.st cliinntio and phyaical conditions, but it was C(ini|iiir;it!vc1y dry 
fnr a liiii;^' ])criiiil ItnuHHlijttfl v prccMMliiifr tlic iVirtiiailuii uf" the {j^TUt lak*;. 
iJluin;^' this ]u-ii<iil, alluvial l uiie.H wciti forineil aljoiit flu- bases af Jill iM 
greater inouiitniH rauires, and tlic smaller range** were wholly or partly 
buried by valley deposits. The valley deiwsits may bave been entirely 
alluvial, but were probably also partly lacustral, Hm lakes being of small 
extent 

Tliero followed two eiM>cl)8 of high water, with an interval during 
which the basin was nearly or «|uite empty. The first of these e]>oehs was 
at least five times as long as the second. The second scored its water 
uuu'k DO feet higher than the first, and would have encroached still fiirther 
on the basin sides had it not beeit checked by outflow. During the epodi 
of outflow, the dndiai^ging' omxait eroded the rim, and thus lowered die 
lake 875 feet; and after tlie outflow had ceased, the water fell by de.s5cc4i- 
tion, with one notable ititerruption, to its present Icve I in Great Salt Lake. 
The intor-Bomn \ ille epoch of low wnt<M- was «>1 greater duration than the 
time that has elajised since the final desiccation. 

The final drying of the hasok divided it into ten- or tvdve indeprodent 
interior basins. Two of these now contain lakes, the others for the most 
part contain playas, or playa lakes with beds of salt The Sevier Basin is 
exceptional in that its lake was 30 miles in length when first .surveyed, and 
has since disapjjeared, the water of its tributary ^xeam being appropriated 
for irrigation. 

Since 1845. the date of the first record, tlus surface of Great Salt Lake 
has osi^llated through a range of 10 feet^.reacluiig maxima in 1855 and 
1873, and minima in 1847-50 and 1861. Since 1879 there has been little 
change. A progressive fall in the futui-e is indicated, not as a matter of 
climate, but ns a result of tlic ia|)HlI\ Increasing utilization »»f the tributary 
streams t<ir tlu- |>nr}«f<es ol' aL^ticiiltmc. The changes in levtO liavf Iwen 
associated with changes in area iind volume. The luaxinunn ai-ea was 
about 25 per cent greater than the minimum, and the maximum volume 
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iiiM>ut li) |K 1 rent. TIh' saliiiitv, wliicli is liiffii, lias varied invcTst'ly with 
the vcikiine, aiul the jiredictfil dfcresuse in volume will lead to the jireeipitu- 
tiou of a portion of tho mineral contents. 

A compariaon of the lakeiVi OH«i1Ution« with die meteorolf^e record 
of die rei^on a|ip(';irs to show that the he)<;-lit of the lake hi any year w a 
ctunulative fuuetioii of tlie |)re<'i|)itatioi) duriii<r precediiij? years, Init estab- 
lialiotf no relation In'tweeii lake oscillations and tenijM-niture oseinali<tns. 

The iiUMl(;ni oi»eillatiou.s of hike tiurfuee are exj)oiieiitti uf the in'eguhir 
rhytlim of elimate duo to die intemctkm of eompAex eonditiom odierwiiie 
coiutant. Hie great oscitlations wliicli altomately created and destroyed 
Lake Bonneville are of a different order, and ivcpiire for their oxplniiatioii 
more |M'nnaiieut elian<j^es of eouthtions. An exanuiiation of the topogpraj^hy 
of tho basin shows that sueh diversion of watcr-roiirses nnd other local 
geo;rrn|)hie changes as may jKtssildy have occurred are inadttjuate to 
accttuut for the rise and fall of the lake. The liistory of the Bonneville 
oflcillationa is moreover ckmely paralleled l>y that of the Lahontan oecilla- 
tions, and it is believed that they belong to a fleries of climatic cliangeB 
affectinnr not oidy these two hasins })ut the adjacent subdivisions of the 
Great Hasin. Tlie (jtiestion \vh< tli- r tin Likt -• ;ire phenomena of the Pleisto- 
cene |)erio<l, their expansion lieini,' wnni^lit hy the same rlimatic fnrtors 
which onhu'ged the glaciers, has previously Iwen answered in tiie ullirmativu 
on the baaia of certain analo^ets. A review of tlieae analogiex indicatce tlisit 
two are valid, while two othet« are not Hio common recency of lakett and 
glaciers, as indicated by the freshness of the vestiges, affords a presainptlun 
in favor of their identity in time, and a fartlx^r presumption is affonh-d 
by the fai't that the lacnslral and glacial phenomena endi itiTcmipted a 
serii's of t-vents of a different churacter. The argument from the parallelism 
of the lacmttnil and glacial hiHtnrieii, eueh hvuig cluiniotenised by twit ]>rin- 
cI|m1 lua^raa, is weakened by tlie fact that the liigheMt authorities on tho 
Pldatocene period are not agreed in regard to its bi]Nirtition. Tlie belief 
that any olimatlo eause COmpeti nt ti) increase glaciation would likewitte 
iiH i < a>e lakes appears on analysis to bi> ill-fnnnded, certain p<»ssn)le coiii- 
liination^ of (■oiidiH(in« being e<mi|H'ient to cause simultaneously an increase 
in the area of ice and a deureaiie iu the uix'a of water. 
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The discarded arf'utncnt.H from analogy are roplaood by other argu- 
momts of a more direct and aatMfactory nature. 

A diMturion of flie oomfitiouB oontrolluig the climate of the western 
United Stateo showa that any change competent to increiusc the ^hu-iern on 
on tht^ iiiountuuis wonld lowt^r the tein])ei"3iture of tlie hike Imsinn. An 
appeal may therefore Ixf made to the fauna of the lake e]i(ich for iTifnrmntinn 
iu regard to cliinato. The nianunals jfive no intelligihle answer; l)ut tiie 
froflh-water molliwlu deeUro by tlieir depauperation tliat tlie coiiditiuiis of 
life were then leee fiivoroble. In tlie case of Lake Lahontan, and in the 
case of the first Lake Bonneville, the unjavorable condition may poMibly 
have been impurity of water; but the second Liikc 1^>imeville was fixishened 
by n\!tflow, and tlie dwarfing of its moUneks is beiit explained by low tem- 
peniture. 

The moraiucs of three Plcistctceue glaciers descend from tlie Wasatch 
Mountain* to the levd of the Bwneville shore-line; the mordnes of four 
gladers descend from tlie Sierra Nevada to the level of tiie old shore-line of 
Mono Lake; and the relations of these monunes to the shores of tlie lakes 
and the associated deposits indicate that tlie maximum stage of the lakes 
coincidtnl clo«dy with the e]>och of maxinnim placiation. 

These plicuomeua Rustain the tlieory that the Pleistocene hikes of 
the western United States were coinddent with the Pleistocene glaxuers of 
the same district, and were produced by the same climatic dumges. It fol- 
lows as a corollary that the glacial history of tliis region was bipardte, two 
maxima of glaciation being separated, not by a mere venation in intenrity, 
bot by » cessation of glaciation. 
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LAKE BUNNEYILLE AAD VULCANIC ERUrriUN. 

In this ( li;iiit< T it is prOjiOHOtl to .slum- thf rolatiODi^, and i^spccially t\iv 
i-lin>n«»loifif r«.'lati»)nK, between the volcanic iiistory tuul tlie hike history of 
the liotnievillc The oiilv sjx'cies of v<»h"ani(t ro«'k there rriiptid 

iluiiug or near the IJouneviile period is basalt, aiid this appeal's to iiavu 
been thrown out afike before, duriug, and wnce tbe bicustnil epochs. The 
dewaiption of the various lava fields will in a general way follow die 
inverse order of their formation, but precedence will be givw to the more 
typical localities. 

Of the vnriott** volcanic distrfct-^ nf Ufnli, th;it which i^ most intere.st- 
in<f ill liiis (•onrioction iK-ciipies iln- l a^tCrn portion of the Sevier Desert in 
the vicinity of tlic towns of Iloiden, i-'illinore, Coni Cixjok, Kuiios^h, JUid 
Deitcret. Tlie Fhvant Bange tliero forms the eastern Umit of the desert 
plain, and is itself composed of uplifted strata ranging in ago from Car- 
boniferous to Tertiary. The volcanic buttes and tables, all very small as 
comjmred to the mountain rauj;e, rest upon the open plain, at distaiicei* 
varvin^' from li>fo30 miles. Nearest to P'ilhnore is the Ice Sprii)'^' I na 
iield, witii its cluster of crater*. Just wmth of it ai-« tliu Tabernach> fii-ld 
and cratur. Still to tlio suuthwurd and 10 niilus away are two coiiHidentblu 
buttes, not far from the town of Kantmli, and west of these licA a liij^h 
bttsaltic table several miles in extent North of the Ice S|niiig iiold there 
is a continuous voh-anic tract, some 10 miles in extenl^ for the nio.st part 
cohu-ident with the plain, but includin;^ also a lar^e mesa opjiosifc Hulden, 
and !i Inrw tuff cone, I'avaiit Mntte West of tliis tract and south of the 
town of Dcseret lies a basalt Ud>le, and larilier .south stands a tuff c<>uu, 
Dimderberg Butte. 
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The loe Spring craters, the Tabernade lava beds, and Pavant Butte wen 
tint visited by the imtor in 1872f and an acotnint of them may be found 
in the report of the Wheeler Survey.^ 

tCB SPRING CRATBRS AND LAVA FISLD. 

Tlitj lavas of tlii.H locality are tlie most rt'ceixt witliiu ilie lionneville 
area, and their phenomena are typical of subaerial eruption. 

The craters are grouped elosety together, and ibe manner in which 
tliey overlap each other, as well aa their relations to die various lava flows, 
dranonstrate that they were fomunl surceHsively rather than synchronously. 
Tliree only arc jin'Sfrvfi! iMttiiv, Ijiit frnjnnciitw of iiiup more were discov- 
ered, nnd it is lunliiitilc that the denudation of liii.' hicalitv would reveal 
beucatli ti>e act-uniuluted lava and scurise tlio remains of numerous others. 
Of the disooveced crater rings no two are cimeentHe, There have been 
at least twelve suoceauve eruptions* through as many independent vents, 
witliin a radius of 1500 feet, and none of eruptions appear to have 
been large. It would secni that the subjacent tcn-ane opposes SO little 
resistance to the upward ]iro!rressi of the lava that a new oponing ta made 
more easily than an old one is reopened after a cessation of activity has 
permitted congelation in the conduit Tlie inunediately sul)Jaceut forma- 
tions are in this case probably the White Mail, the Yellow Clay, and other 
teehly coherent valley deposita. 

The dimensions and general relations of the craters and lava fields >vill 
be best undf rstoof] if the nadcr will extnniue Pis, XXXV, XXXVII and 
XXXVIII in roiuu'ction with the t'ol^>\^ iii^- d<>scription. One ol' llic hirgest 
of the scoria hills is the Crescent, a crater fragment showing neiirly one- 
half of the ori^uid drcla It rises 250 feet above its eastern base, and 
tite entire erator appears to have had a diameter of 2200 feet It is com- 
posed of ^coriaceous fnigments, in the miun loosely aggiegatod, but in part 
l)ound together by harder lavers which ap]H'ar tO have been produced by 
splashings of ni(»lten lava fi*om the cnitor. Tlierm prive it n rude concentric 
■Stratification, in the main inclined (uitwanl. parallel with the outer slope, 
but also inclined inward at a very high angle conformable with the inner 

> Sarrey* WMt of Ui« lOOtb Heridian, vol. 3, pp. ia&-li4. 
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slope. Ouo eud of the Crescent is bimed beneath a lava crater, the Miter, 
the other is cut off by a stream vi lava flowing from the same. 

The Uiter is perhaps the most recent of the craters. Nothing over- 
laps it, and it has lort notfamg hy CHMion. Apparently the only change 
rinoe ite fonnation Iiae been a cracking avay <>f fragments from itn harder 
e(»iii])ouent.s and the accumulation of these in taluses. Its rim is nearly 
circular, with a diameter of [>50 feet. Its hi<rhei<t sifle, on the east, rises 
250 feet above its outer base and 275 feet above the central depression. 
Its history has involved at least two overflows. After it had reached about 
its present siw the lava rose within it, breached iia north side, and dis- 
chaiged. The discharge was followed by explosive eruption and the 
breach was repaiicil. A filial itpwelling found escape at the west and 
trenched the rim deeply on tliat side. Tlio northerly sill of discharge is 
120 feet above the central depression, tlip westerly 75 feet. The material 
U identical with that of the CrescerU, and tlie perfect preservation of the 
cone enables tlio imagination to picture vividly the manner of its forma- 
tion. Its principal constituent is sooriaceous lava in angular fragments. 
Over the surfece are sprinkled clots of similar sooriaoeous material, spongy 
within, liiilbouB without, and coherent to the angular fragments beneath 
tliein. These are evidently drops 6pattere<l from tlie molten mass below, 
and retaining their plasticity 'tp to the moment of .striking, so that they 
fitted themselves to and adhered to the .snrtai i s a<r)tin>'t whi<-h they fell. 
They are volcanic bombs whose aerial liiglit wa.s too short to permit them 
to harden. 

Betweoi the Ifitnr and the Crescent stands a low cone, resembling the 

Miter in foi-m, but t>nly 400 feet in diameter. It is composed almost ezelii* 
sively of angidar scoria;. Six fragments of craters project from beneath 
the talus of tlie iliter at various points, another lies outside the Crescent, 
and still another joins the inner face of tlu' Crescent to the sm.ill enter juf^t 
mentioned. A cii-culai- hole, more than 100 feet iu diameter and 40 or 50 
feet deep, is doubtfully classed as a crater, fm it is not clear that matter has 
been ejected from it Its interior exhibits only fragments &l]en from its 
walls. 

MOM I — ^21 
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The TemMW crater lies jmi wiith of the Uiter, and diflbrs fimn the 
othen in type. ItBwalk«ieforthemoBtpartlow,8iidai«diai«Gtinizedbya 
gentle outward dope. At their cuhninating pomt they are flooriaoeotts, hut 

elsewhere they are of relatively compact lava, with a mdo atratificatiiMi, as 
though forme<l by the addition of successive sheets. Its formation was evi- 
dently attended by very litll« explosive action, and there is some ground 
for beUeving that its cavity was produced by the refusion of scoriaceous 
matter, the product of aome earlier emption. Its oaUme is irregular, with 
an eztreme length of 1100 feet and a width of 700 foeL At one stage in 
its Iiistory it was occupied by a molten lake aliout 14 acrea in extent, and 
the partial congelation of tlic stirfare of tins latcc left a terrace at one 
margin. The subsequeut history of the crater iiuhuks tlie foniuition of 
four uarrower terracea at lower levels. The tirst lowering of the molten 
lake tippUM to have heen aeeompEdwd Ivjr'dM bieacliing of the aaterwaH 
al the soath, and a consequent outflow. The sohsequent lowerings wwe 
caused by the retreat of &e lava down the conduit by winch it had ori|^ 
nally entered the crater fn)m beueath. This conduit remains open and 
can be explored for 25 feet, wlioii propreff in Hto]>pe<1 by water. It in a 
circular tube 12 feet in iliameter, and iucliiiud lU or lf» degrees from the 
vertical. Tlie stony arrested drops .still pendent from its sides testify by 
thehr small duuneter to the high fluidity of the lava. Tlie depth of the crater 
below its genenJ lim is 860 feet, below the sill of its last outflow 280 feet^ 
and below the scoriaceous crag that overlooks it on one side 350 feet. 

Tlirt'c t]iou.>aiid feet to the west of the above craters tliere is a .sliort 
fragment of cnitt r wall, with its ooncjivity turned towanl flic tMist. It is 
nearly buried by the lava streams flowing from the others, but what remaiuB 
in view indicates a diameter of half a mile. It bars the progress of tiie lava 
in that dweolaon and helps to give to the outline of the field its bi-lobed form. 

The streams flowing from these rratci-s have Ibnned two confluent 
fields, the first extending 3..'> niili s northward, with a general breadth of two 
mile«, the second 3.2f> miles westward, with a ^renwd breadth of 1.5 tuiles. 
Their area is about 12,5 square miles. Their maipnal deptlis mil average 
about 30 feet^ and their mean depdi is estimated at 50 feet The volume 
of the (jjeeted material is approximately one-eighth of a oubie mile. Hie 
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greater part fif tliifi lava is ncnrly com[>»tct, dark jrmy in fractuii', iind black 
on tho surtUct'. 'I'lu' liclds everywhere ext:eeiiingly rough, conespoml- 
iiig to the "hh'' of the baiuiwich Lilaud uomcuclature.* The tturfaco is a 
huip cf ragged, loow Uoeks, piled in tamnltaoai vtvm whoM omli are 
20 to 80 ft«t above flidr tronghfl. Near die craten these rngoidtiee of snr- 
fiwe disappear, and the coin])avt basalt is covared to an unknown depiJi by 
a spongy layer oh Hght as the lapilli, but more even in texture, and mata* 
tainin}; the comber Imo of tlie streainu. The Bcoriaj of the craters ia some- 
tiinert gray, but ia more comraouly rod or yellow. At a few points on the 
surfaces of tlio strcaius are small patchea of scoria;, colored like the craters, 
and one of theae irlucli was esamined has a conical foim, raggeative of for- 
malaon tn vUu by eraptioD from the body of the atieam. It w poasiUe, 
however, that it ia mwely a fisgment of a fixed crater that wsis floated off. 

Tho HTif^le of flow was not measured, but is wrtsunly final!. In tlio 
vicinity of the craters tho grade is conspicuouis to the eye, and the lava 
must bo there one or two hundred feet higher than at the margiu of the 
field. AH the later streama a|>pear near IIm craters to flow in diannela 
depreaaed fifieen to twenty feet below adjacent surfaoee, and yet theae 
adjacent tmxhem resemble very closely the snrfiioes of the streams* The . 
explanation appears to be that each of these outpourings varied in volume, 
now swelUng, now slunnking. When most copious it spread beyond its 
channel like an aqueous stream, and deposited, not its sediment, but its 
crust The walls of the channels display a confirmatory stratification. 

Hut the entire history of the lava field is post^BonneviUe, admits of 
no qnestion. It lies within ihe area of the lake at so low an attitude that 
no point off the cmters reaches to tho level of tl 1' niievillo shore-line, while 
the marginal portioiin of tho sstream are below the k vcl of the Provo shore- 
lino. But tho craters sIjow no trace of wave work, and on the surfaces of 
the lava streaius uo lacustriuo sediments appear. The lake bods surrouud 
the lava, bnt ntitllw lihe toward it nor rest against it. A locsl finilt, which 
ia seen in one place to have displaced ihe Bonneville Whita Marl, disap' 
pears beneath die lava field in snch a way as to show ibat the latter was 
subsequMitly spread. 

* BMrriim ValmiMa*b Itf Oupt. O. d llBttoa: Faqrth Am. Baft. IT. & 4ImI. tanvf, f. SS. 
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At various points thore crop out from benoatli flio Ice Spring field 
marfrins of au older lava or lavan, of uiicertiiin diile. I'hcy are distiug^iished 
from tho newer by the ueatheriug of their surface, which ha« partially loi<t 
its original ruj^osity, and bears pfttcbes of mil so as to Bnpport a scanty 
growth of grass and bushes. At two points these are seen to he displaoed 
by the fiuilt above n>ferre<l to, and at one place a bed f>f lava passes under 
an ex|)0»ure of the White Mnrl, If tin r^c itlder lavas liavc approximately 
the samo t\nU\ they are probably older tiian the Bonneville shore -lino 

While the receuoy of the Ice Spriu|r volcanoes .'is compared to tlic 
Provo epoch ia aofficiently dear, their abeotute antiquity is a matter of 
doubt The state of preservation of the latest ejecta is fairly to be com- 
pared with that of mnular material produced by Vesuvius two or three 
centuries ago, but the rainemlogic ditfennices betweca tiie two lavas and 
tlic climatic contrast Ix'twocii llu- two lucalitics may dctcrinine very different 
nites of disintegration. At (lie L tah locality disiutegxation has produced 
no soil even iu crevices. A study •)f the surface details of the more com- 
pact lava gives tiie impresaion that they have witiiatood atmoepherio iniln- 
enoes. The 80ori» have yielded e<Httewhat; in tiiMr original c<xi«titutioD 
' they consist within of thin septa ffividing aplieroidal Intbbles, and without 
of a slightly thicker skin agauist which the outer phalanx of bubbles are 
flattcnerl. From the scoriaceonn mi>*tj< of streams near their sources this 
skin hius chiefly disappeared, it is well |)r(^s<frved only ou tho brinks of 
the ciuder cones, and not on oU of those. After my iirat visit to the locality, 
I ezlubited to the American Association for the Advancement Of Science a 
bomb from the Miter crater, and stated that its Ain had been exposed to 
the elements since the time of its formation.* A more careful examination 
on the ground has ^atl-tll'd rno that I was wrong. The t:»hises on its outer 
and inner slopes shuw tli it tin- crest of the crater is slowly bivaking awav, 
so tJmt tlie bombs to be .seen near tlie crest may biivc been until recently 
covered and protected by lapilll 

I discovered no accumulati<xi of fine fragments from the dtuntegra^ 
tion of scoriic. They have been absorbed by the crevices and the surfiuse 
renuuns clean. Indeed the formation of a soil is indefinitely postponed by 
ipm. AoL AaMtt. Adv. Bei., vol. !U,1Bn,fat%t, p. av. 
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the nec<wsity tn first fill the ull-pervafling c-revices of the ctttdor cones and 
til*' nn. Only otv tho dn<U*ry crusts uf KtiTnims near the craten* hm a 
bfgiiiitiag heen made. Tliis id not a})purui)t on the surface, but wiien tlie 
rock-frotli is broken into, its inner coUs are found half filled with an exceed- 
ingly fine cream-eolored dusk— evidently en eoUan deposit A few sage 
bushes have discovered this and established themselveBw Mo minerals were 
seen in the bubbles or other cavities, but tlie interior of flue of ihe Ter- 
race cmtcr is deconitrd witli (It ndritic {rix)wth» of calcttr«'<»iis mnttor. 

Tlie name of the Ice Siiriii;^- luva beds is dfrivcfl fnnii wliat may be 
r^arded as a uatural ico house, existing in one of the deeper hollows of 
ihe aa. It la in a nataral pit aminig iha lava blocks^ and so shettered by 
an overiwQginir ledge Aat it never receives the dureet rays of the ann. At 
the time of my vi«t ihere was a pool of ice water a few inches broad and 
half an inch deep, and at \ia margin, clinging to the roclCf a film of ice a few 
inchoH across. My vi«it wan on Scptptiilx^r 2f^, and it is currently report-ed 
that ice am always he found. The conditiojis of tlie piienomenon a]>pcar 
to be: first, the accumulation iu the crevicea of the shattered rock of cx»ld 
water fiiom meltiiig snow; aeetmd, proteeti<m firom solar heating by raeana 
of a heavy cover condncting heat poorly; third, shelter against winds, 
which would bring warmth by convection; and fourth, evapt>rntioii. Simi- 
lar phenomena have been described at various places in the Appalachian 
Mountains. 

PAVANT Btyrrs. 

i'avant Uutte, which stands ten milea north fn»in the Ice Spring lava 
field and 17 ndka by load ixm Fillmoie, is an acute peak, about 800 feet 
Ugh. It is the tallest of all the volcanic hills, and, stan^ng alone upon the 
plam, is a consinciiottB landmark Its general form is that of a crateied 
cone, but the crater is open at the south, and the cirdii^ crest has an acute 
Cttln)inati(»n at the north 

Its material is a volcanic fnff: that is to say, it consists of light lapilli 
cemented into a coherent vaults. The vesicles of the lapilli uro not filled, 
but the fragnMmta are so firmly held together that they are fi^equently 
broken across when the mass is firactured. Scattered throngh the mass are 
occanonal bowlders of basalt, some angular, others rounded, and these 
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must liavc reacliefl their position by ejection from the vent, but uotliing 
vfim seen tliat could be calle<l a Ixitnl), and none of tlie tieoriiiB appear to 
have falleu iu a |>lastic cooditiou. All of the »coriaueous matter is frag^ 
mentali and thd fngmemts nurel|r exceed an inch in diameter. ConudemUe 
portiiOiM of ihe outer dope have tlie fineness of ooane sand. The prevail- 
ing ecHxtr ia a pale yellow, bat lonie ai the weathered inifiMSBi are gntj- 
In this respect the hutte is Ktrongly contneted with the cinder cones of the 
Ice Spnn<; locally, where deep coloni especially red and reddish hrowDf 
predominate. 

It hats been pointed out by students of existing volcanoes that lapilU 
are cemented into tdf when th^ deposition takes place in the presence of 
water. This commonlj happens when thejr are ejected so as to fiill in water,. 

or when heavy raing, accom{>anying the eruption, wash them down to neigh- 
bonn;^ lowlands in tho fonn of vnlcuiiic nuid. In the present iiistanee the 
state of tlowin^x mud was not rea<'heil, tor they are lieajiecl about tlio vent 
in steeply-iadiued layers of original deposition. The associated lake phe- 
nomena suggest, and indeed demonstrate, that Lake Bonneville alRxded 
the moisture necessary for cementati<m, and that the eruption was snfaoqne-> 
one. The Bonneville shore-line is trenciiantly drawn about the udes of the 
buttc at mid-height. Tlie Provo shore-line apj)ear8 at its base, and the inter- 
val is destitntc of all trace of wave aetion. It will be remeTnlien»fl that in 
the order of time the Intermediate shore-lines were formed lir»t, then the 
Uouueville, and finally tlie Provo. The presence here of the Bonneville 
and Provo traces shows that the batte was not built after the epodi of the 
BonnevtUe shore-line. The absence of Intermediate diores teUs us that it 
was conqtleted after their date. A portion of the mole may have been 
thrown up in the earlier part of the second lake epoch or at any ])nn'iou« 
time, but if so, it was com{)letely l)ui u;d by the product of the final eruption 
at the time of tlie Bouuoille shore-lino. 

TUa detemdnatifm of date dqumds on oar kiu>wledge of Ae shore- 
line lustory derived from odier localities, bat the same information may he 
obtainedfrnn data porety local. At numerous points on the north side there 
is exhilnted an unconformity in the bedding of the tufa, and a study of this 
unoonfomii^ sliows tlmt after the waves had notched the profile on that 
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aide, producing a »ea-cliff and a temuc, the renewal of eruption jmrtiully 
fiUed the notch, the newer layen dipping at a higher angle than llie old. 

We tluis leam by conaistent and cumu- 
lative evidf'iu p that an eruption took place 
hfrt> while Lake Bonneville was at it« liigh- 
est stiigc, and Ix'neutli a body of water 3")0 
feet deep. Tiie resulting cone wa.s built not 
only to the siu-faoe of the water but 450 feet 

Fta. ff.-Ular*» <• 

higher. Eruption ceaaed with die fid! of ^l^'j,^^!!^^'^ — ' ""^ 
the water and has not been resumed. 

NotwidMrtanding the recency of the cone, Ha aidaa are c«inspiisaouBl7 

furrowed by erosion, and it i.s in that respect contrasted with nnost frag- 
nientid volcanic cone.s of tlie vicinity. Where the lapilli are uiiccmented, 
all niiu i8 uwallowed by the interstices, and escapes gradually and quietly 
aft the haa& On Favant Butte tiiia k ^erented 1^ the oement^ and the 
rain flows down the auifaoe, aeeompliaUng its usual work oS erosion. The 
sides of the furrows exliibit to some extent the internal stmcture of the 
mass, and Hhow it to be a fine type of it8 kind. Tliere are no partings 
between tlic hiyers i>f tutf, l»ut lines of deposition are plainly to be seen, and 
thesi ( xliiljir on the inner side a dip toward the crater at 35 degree-s, and 
ou the outer face an opjK).-iitG dip of from 16 to 25 degrees, the two systems 

bdng joined along the crest by 
antiolittal curves. Afigureilli 




trating this arrangement is here 
reproduced from the Wheeler 
l=T««Me i>r cniicr. B BoDiMiTnii- »hi>r»-iio». n>port (Fig- 38). 

The general distribution of yellow and gray cidors iiulicates that the 
yellow is original and the gray a result of weathering. The sections 
exposed by recent erosion show the main mass to be yellow, .but there are 
occasional thin bands of gray* and these are inferred to record the temporary 
oessation of eruption. The old sea-cliff against which die newer tuff reats 
tniconformably diM's ii()t show the grav colnr, a f:ict consonant with our 
iMilief that tiic latest ( rn|iti(in inteiTuptod rather thau followed the destruc- 
tive work of the Bonneville waves. 
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From the northwesteru hum there jut a iminlxT of rag{»orl spurs, con- 
sisting, like the main mass, of tuff, but eidubiting dip^ toward the hill iiutead 
of from it A study of tbeir dips shows that the spurs are remnants of an 
older crater rim, on u Ik >< i nina the survmngrim iras built Thediagram, 
Fig. 39, ahoviA by ML lines the observed relation of dips, and by dotted 

lines the theoretic structure 
of the parts conceak'd or re- 
moved. The earlier crater 
was somewhat smaller than 
the later, and Its crater was 
fiutli^ north. The tuff ex- 
hibits, throughottt, the ^niy 
color referred to wcatlierinfj. Tlie date of the structure is uncertain. Its 
tiiffaceons' character indicntos std>a(|ueouH eruption. It.s c<»h»r sufffjestJi 
prolong-ed exposure to the atmosphere ulter tlio chief work of demolitiuu 
was perforroed. It may have been built during the miiier part of the 
epoch of the White Marl, while tlie oscillating lake was beginning tlie for^ 
mation of the Intermediate shore-liues, or still eailier in the epoch of the 
Yellow CUy. 

Tlio surf;u'f (if tl\o phlin for n sliiut distance m »]\ dirertioTis fnm\ the 
cone is comixtHt'd ntM( l)ri« df'r^^ cil tV.nti it. licyond tiiis sniilinvaiti outcmpa 
tlie Wliite iLirl, and Ixirieiitli the White Marl a field of hi%a. The White 
Marl seems to be but twa or three feet thick, and as ther^i appenrs no reason 
why the opra plain at tiiis point should not receive the fuU depowt, it is 
infeired tliat only the upper ])ortion is visible, the lower being beneath the 
lava. As the lionnevillo and Provo sliore-lines are coutcmporaneoas with 
the upper portion of the Marl, the riuestion ariM wlicther the lava Iwd may 
iu)t lie conteinponmeous witii the later tail, ami tli rivi d from tlie same vent. 
The surface of the lava is us perfectly preserved as tluit of tlio Ice Spring 
field, but is of an entirely different typ^ corresponding to the pahoehoe of 
the Sandwicli Islands. It exhibits fine examples of tlie curved convolutions 

'Tufa mill tiilT, «lyiiiuln};ic<illy tho Kamo «or>l, biiT<> Ixith Uecn iiw-il to d<<Bi);oat« > culcareou!) 
d«^po(fit frnin solution and nlno a mhcntnt aecrcgat^ of lapilli. Following Ueikii>, I hava in IbeM 
pa(t^ nllntml tlin I wn wnnU in •rrnraity tn llin two riiiivliiinH, applyhlf tmfm Md Uffiutim to the 
4a|iaail from aolulion, and lt{f Mid ti^ammu to Um volsanlo i»oda«t. 
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or wrinkles tlmt are so suggestive ot coils ot rope. At the time ot my oxam- 
iuatiuti 1 wa.s dispusixl to rotor tbitso to the iiiter-Bounevillts dry epoch, for 
it ftppeaied to lud a priori that a lava stream flowing Ijeneath the water 
wonld part with its lieat bo rapidly that its Bmooth Boi&ce wotild be shat^ 
tt i-Hi] iitto fragments. But I am inforiuod by Captain DuttoQ that where 
Hawaiian lava streams of the smooth tA^w have entered the sea, their snrfaco 
char;u-t('r« have not been nfferted. The evidence comprised in tlic tiiinness 
of the White Marl and tlie perteci preser\'atIou of the lava surface beneath 
it may theri^bte be accepted as ahowtng that a lava was here qwead under 
tlie water daring the second laeustrine epodi ; and the close association of 
the iield with the Pavant tuff is piv^bable. Its area is nndetennined, for it 
is overlain not oidy by the marl, but also in places by a belt of sand duncs. 
In a southwesterly direction it is visible at intervals for several miles. 

TaBBRNACU CRATB* AMD LAVA FIBLD. 

The typical plion<»mcna of the lee Spring and Pavant localities simplify 
the interpretation of the Tabernacle eruptions. The Tal)eniacle field litus 
immediately south of the lee Sj>ring. ''nd is maj)|H!<l «>n PI. XX XV^ It is 
approximately cu-cular, with an average diameter of three miles and an area 
of about seven square miles. The point of issue is not OMitral but lies near 
the soutlieast mai^n. 

The crater has two rims, an outer and an inner. The outer lim is the 
older and is comiMtsed chief!)' of yellow tuff. It contains altto some slag- 
like material colort'd dark red and grey. Its contours, which are in »letAil 
tlie result of weathering, art; smooth, except where broken by slaggy cnigs. 
Its surface is largely composed of discrete lapiUi, just beneath which the 
tuff may be found in place. Two-thirds of the original annulns is preserved, 
the part toward the northwest having been absorbed or buried by later 
emptions. The span of the annulns from crest to crest U 2200 feet, and the 
ndjre is lii;:;}i( st on the east side, when> it rises 1*20 f*>ot above the lavn field. 
Probably a ]iart of its base i-j ciitu-ealed by tlu- lava, it^ prnlilc ;is seen 
from the Miter craki (I'l. XXX IX) resembles the .Mormon I'abernacle at 
Salt Lake Oity» suggesting an ai>propriate name. Hie interasl structure of 
the ridge u not well dispUyed» but an outward dip was observed in the 
lugher part 
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The inner rim i» cliaracterized by a great abundance of scoriaceous 
matksr diaft erblaiiliy FMcbed its pOM^on while sttll pa»ty and adlMnve. It 
ia not grartly imflatad, and its gmenJ habit is mdier sUggy than seatia- 
eeooi. The rim is exceedingly uneven, and uboonds in rouj^h pinnacles. 

Comparing these featui-es with those of Pavant and the Ice Spring 
cratfrt*, we infer with confidence tliat water was present in the cratfr during 
the g^r<'at4. r [isirt of the forinatiou of the outer rim aud was abaeut during 
the formation of the inner rim. 

When compact hand specimMis of die Tabeirnaole and loe Spring lavas 
are oompated, little diffieraioe is seen, but itnear streams difier widely in 
habit The Tabernacle field, though by no im aiis smooth, is far less nigged 
tlian the Ice Spring. Some of the mirfuco h broken into blocks, wliioh are 
so far displaceil that they are not easily traversed on hoi-seback ; but the 
greater part in uomparatively even, aud oxhibita the ropy structure charac- 
tsristic of pahoehoe. A eons^eaens chanieter of the strmms was the eoD- 
gelation of Aeir upper portions and the subsequent esci^ of the liquid 
matter beneath. This is shown in a few plaoes by the preservation of tubu- 
lar caves, and more (reqaeutly by depressed areas, where the lava crust ha.i 
manifestly settled down as its support was withdrawn. The comtitiient 
streams of the field are |>artially separable, aud the latest may be traced to 
the inner rim of the crater. 

At its outer nuwgfai the lava field terminates in most dhnctions in a 
diff— not such a eliff as resultB from the undereutting of a lava bed resting 
on softer material, but a cliff of original formation contemporaneous with 
the upper Hitrfnco. At a point on the eastern side it was measured and 

found to have a lu'i^^ht of" 'I'l ft'Ot. 

Ou the face ot this cliil, near the top, in a baud of calcareouB tufa 
adhering to die basslt, and sihove it iSme was detected at some points a 
terrace of wave eroMou. Hiese are features of the Provo shore-lina - The 

cnitcr rints hi'wv no trace of wave work, and this negative evidence is 
reinfoiTcd by tliti absence of all lacustrine deposits from the crater, from 

the gt'Horal !^iirfarc of r!i(' field, and frnm the sunken nrp!\» and caves. The 
inner ritu iitnl the tiehl wen; never su>>ne'rged; the outer inav j>ossiblv have 
been cov-ered at the epoch of the Bonneville shore, but not at that of the 
Intermediate shores. 
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Lying just ahovo tho Provo level, and yet showing no traco of suli- 
mei^nce, the lava field must have been formed after the fall of the water 
from die Bonneville level to the Fiovo. Bearing the Provo shore mark, it 
miui have tieeik spread before lihe doee of the Provo ^podL It tiierefore 
ot^natod daring the Fkovo epoch. The immr rim of the cmtor hu the 
same date. Tlie outer rim ia older tlian the inner and younger than the 
Intenucdiato nlioros; it belongs to tlif Bonnevillo slioro e|)Och or to thv 
earlior part of tho I'rovo epoch. The preseiK-e in it irt' xme sln<x<^y matter 
suggests irregularity in the iiupply of water and iudicuiluH thu later date, 
'fbe moet probable iuBtory ie follows: When the Fleistooene lake feU to 
the Pirovo level, it had a depth of firom fifky to aeventy-five feet over the 
preaanl aito of these craters and lava fields, and there it remained for many 
centuries. An eruption occurred beneath its surface. At first, or at least 
during an early stage, tho eruption w;is explosive, its violenco, possibly 
stinmlatcd by the water, being so great that the cirt^lo of maxinutiu duixksit 
was more thau a thousand feet fix>m the veuL EventnaUy the growing 
rampart drat out Ae water, tiie explowona beoanw leas violent and the 
ejeeta became paaty. Quiet eruption followed, develc^ug a low, black 
island, which received a wave record before the final desiccation. The 
doeiug pha.se of eruption wa.s explosive. 

The geologic date of this lava field is so well determined that K]>wtiil 
interest attaches to the degree of froHhuess of it^ sur^ice. Decay ha.s pro- 
greased for raoo^ to obliterate the finer convolutions and somewhat obscure 
the eoaia e r two to six inches aenws. Ptobably salient parts have yielded 
an inch to atiiios|)]iLric waste. Tlie minor depresBions contain an inch or 
two of soil, and small cracks are fille<l. Large cracks remain open. Judged 
by it» color, the soil is less the pro<luct f»f local disintegration than of eolian 
deposition. The principal vegetation is tho common sago of the country. 
In the caves the eoBan deposit, reinforced by the droppings of bats and 
probably other animals, has a depth of one or two feet 

The ground just north of the Tabernacle field is traversed by a fault, 
^th a throw of fifteen or twenty feet to tho west. It divides tho lava, also, 
and was traeod willi rliininisliin*^ throw half wnv to the crater. In the 
opj)osite direction it (li.^iappeai-a at the edge of the Ice Spring field, being 
overpltuied by that eruption. 
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At tlif^ siilt' of t]ie fault is a low hill of scoria;, ajjainst and around 
wiiii h tile Tabeniacle iava Howefl. It in a vestige, ill preservi-d, of some 
long anterior but datelew «iruptiion. Another vostigc, equally vagvie m to 
time, appean in an inclined fragment of a Ixualt sheet, broogfat up by a 
fault iit tlu south inargin of the Tabemaeie field. This fault is oireiplaoed 
by the Tabemaeie lava. 

PLEISTOCENE WINDS. 

The circular wall of a cnitcr often grows mare lapidlv on one side 
than another. Thi»* must soinetiriH H be ocon«ioned by the c)l)li(juity of tlie 
flue, but observers have generally referred it to the deflection of flyiug 
fragments by the wind. If a group of extinct craters are oriented in the 
same way, it seems legitimAte to infer the prsTailing direction of the wind 
at the time of their formation. In the Fillmore district there is practical 
hannony of orientjition. 'Hie CR'scent, the Miter, and the smaller crater 
between them have their highest walls at the east. TTiat of the Terrace 
crater is at the northea-st. The outer rim of the TalHiniacle culminates 
on the ea«t side, the iimer rim on the north. The apex of Pavont Butto 
stands north of the croter. The entire range of the seven b from nc»^ to 
east, and the indicatioin is that winds firom the south, southwest, and west 
prevailed. There are no meteorologic stations competent to tell us whence 
the winds blow at tlie present time, hnt the prevailing air movement is 
recorded by Tuitiire in n s^risfactorv manner. In the vicinity of George's 
Kancli, at tlie south end of the eajjtem lobe of the Sevier Desert, the Provo 
shore-line consists of a series of massive hay liars^ compo!ie<I largely of sand. 
These are the source of a broad train of dunes which traverse die desertr 
and which demonstrate by their northeasterly course the prevalence of 
southwesterly winds. The phenomena consist with the theory that the gen- 
eral air cum'Tits of this n^gion during the Pleistocene were similar in direc- 
tiou to those of tlie present time. 

FUMAROLB BOrfB AND IAVA FIBLD. 

The most important locality remaining to Ik? *lescril)ed is at the nortli- 
em edge of the St vior Desert, clo.se to the head of tlie Old Rivpr Bed. A 
basaltic mesa five miles acroBS in either (Ureetiou is half divided by a valley 
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oponiiifT to the nnrthfast. (S(m' PI. XXXI, near iMtttom.) At its hoail this 
valltty is u mile wide, and is Hooied by red scoria;. In it stands a rough 
tower about 160 feet bigh with a truncated and obsciirely orateriform sum- 
nut The predominaat colon of the tower aie rod aikl gray, and its 
rangeii from &na aoorias to compact faaaah. TheM are roughly bedded, 
and oxhifaik a centiipetnl dip at a high angle. The interrelations of those 
fi'aturf's are oasilv nndirstood, at h-ast iti a fji'iiend wnv. The tower, Fu- 
marole Butte, iiiarkK the position of the vokaiiic vent. About this vent 
* BCoriie were piled (as restored iu the diagram) iu au aunular mole, and 
from it esci^ed the Uiva of the aunounding mesa. The last phase of 
eruption waa non^xplomve, and omnpact rock waa formed in the flue. 
Suheequent en ~i ri i .mieil away inu> li of the scoriaoeous rim, bat left the 
reaatant core and the equally resMtani lava field. 




Bef<n« visiting this bntte I had listened widi incredulous interest to 
die statement that smoke or steam waa scxnetimeB seen to rise from it, but 
petwmal observatimi sulmequently removed all doubt. About the outer 

edfre of tlie stuHTnit are tliirty or fortv cn vin s from which wanii, moist air 
gently flows. 'Die pennanence of the phenomenon is attested by the ver- 
dui-e lining the <»penings — a deep green moss glistening with moisture and 
vividly contrasting alike with the somber rocks and the sparse, sishen vege- 
tation without In diffiBTNit openings I found the temperatures 62®, 70°, 
72°, and 73.5° Fahr., all above the atmospheric mean for the locality, which 
is approximately I'}r)°. At the time of observafi(»n the outer air had a tem- 
perature of 'MV^, and was dry. .\ little nii-^t formed over some of the o|K'n- 
ing.x, but was reevaporated within a few feet. On days that are moist, co<»l 
and still, a conspicuous cloud must arise. It can hardly be doubteil that tliis 
thermal manifiastation testifies to a reeidttum of volcanic heat in the old fine. 

A group of hot iqiHrings at the southeastern base of the mesa may have 
the same significance. Thetr temperatures range teom 110° to 178° Ftht. 
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Just north of thfi an sa is a ba.saltiV liill whtisoajx^x ovfrlooks tlic mesa 
and liOH about the hcij^'Iit ot the bufto. 'I'liis hill i» terraced by wave action, 
eshibitiug especially the Bonneville and Provo shoreBb The Bonneville 
terrace appeen abo about fJiirty feet above die ba«e of the bntte^ and a 
Hiuj^le point of the memi wan high enough to receive it. The rt 1ati<m of 
these shore benches to tlu' valley about tlu Imttc- slimvs clearly that the 
excavation of the val1<'\ was antecedent aud wati suba&rial. The littoral 
excavatiou wa» trivial in coiuparisou. 

The w^weatiber drainage of dM meta c r o aim i its bounding cliff at 
numeroiu pdnta, and afc each of dieae a narrow, notdi-'like valley ha* been 
eroded from die bamlt These notches were cut before the Bonneville 
epochf and during that epoch were partlj filled by lake deposits. Subee- 
quent eronion has not wholly removed these deposits, and the renUMQte 
show that both Yellow Clay and White Marl were ])ri'.st iit. 

These facts dcmoustnit'e that not only the voiuiuic eruption but the 
principal erodon of the volcanic formationg took place in Tertiary time. 

The surface of the mesa has lost all details of its original oonfigunttioiL 
One c^in not say whether the flowing lava assoiaed the rough or the smooth 
typa It in far from smooth, but its unevennefla apparently depends on ine- 
quality of (lisinff i^ratioii and ero.sion. The rock in suj^Tfu ially re<I from 
decomjiosition, and is rrcucrnlly bare of soil, tlie t<l(i]ic.s of .surface sutlicing 
for the rapid removal of disintegrated material. The uiargiua of the Udilo 
on the east and south (where alone they were enwdned) are diflb by sap- 
ping^-^lhat is to say, blocks of rock have fallen away in consequence of the 
yielding of a softer substratum. I'robably the lava was spresul on the plain 
before the first establishment of drainage on the line of the Old River Bod. 
Tiie cnrvin;/ uf that channel lowered the Itasi' level of orofiinji for the regicui 
and in(lu< e<l tiie general degrachition of the plain, so that the held of obdu- 
mto ba^t became a hill of circumdenudatioQ. Tbo greater share of this 
process also must be referred to the Tertiary. 

The moet imprasmve phenomenon of the locality is die seeular persist- 
ence of the volcanic heat. At the time of eruption the rocks adjacent to 
the conduit <ir conduits became heated, ami the htvn remaining in dike.s and 
chimueys added to the store of heat. Since that time couducUou has steadily 
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caiTitHl tliis heat in all directions, and the convfjction «»f Hubtorniiu^jtn wat«'r 
hsw hiil|M'd t«» dischurgo it to tho atinoKphero, and yet enmi<^h mnaitirt to 
sustain a fumarolo ton c«ntif»Tado defjfruws wanner tlian tho air. 'I'iiu period 
of lieat dissipation includes tho whole of the Pleistocene period and an 
autecodeut period of erosion probably of equal length. 

OTHER LOCALITIES OF BASALT. 

The remaining bajtaltic masses of the lake areji, so far as they were 
insjwcted, clo not declare their age by visible ]»lieiiomena of superjM>sition, 
but the majority can Ixi referivd with probability to the Tertiiiry from a 
comparison of their condition of preservation with that of the Talwmaclo 
field on the one hand and tlie Fumantle on tlie other. Tliis statement 
applies to all localities map|)ed in IM. XLI north of tiie fortieth parallel 
excepting that on Bear River. It applies also to two localities at tho west 
edge of the Sevier body of the lake, to two near Preuss Bay, to two which 
trench on Kscalante lijiy, t«) tho buttes near Corn Creek (southwest of Fill- 
more) and a large table west of them, and to a table lying west of Pavant 
Butte and south of the town of Deseret. 
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iietwbeu thin lajit-iiHiiiCMl uiblo aud the north eud of the Denver Creek 
roDge itands Dnnderberg Buttu, the remniiiit t)£ what may have been 
A hurg« cone of scorue. Its lapilli ure ooherent, bat have not the yellow 
color fd lha tuff oonea. Their moM is travowd by dikes and sheete of 

ve^Unilar basalt Some of tlie basalt vesklee oontaiii calcito and zt'olitio 
minerals, llie top is flnt. <>xr« ])t wliero dikes projort. bttviti"" been tnin- 
catcd by tlio waves at the i'rovo cpucli. 'V]iv daty ot eruption c«n be 
judged only from the progi-ess of dcmoUtiou. It was probably Tertiary, 
but may have been intBr>Bonnevi]le. 

Equally in doubt are a basaltic table norib of Pavant Butte and another 
south of it and extending nearly to the Ice Spring field. 

PLBISTOCBNE ERUPTIONS BLSBWHBItB. 

The same criteria of diacrimiuation may be apphed with equal pro- 
priety outside the lake area, so far as the oon^tions of rock decay are simp 
ilar. GareliiUy applied, they would serre to classify the greater number of 
basaltic eruptions of ihe Arid Region as sevenJly Tertiacy or Pleistooena 

While engaged in general geologic exploration, I have seen in Utah, Idiilio, 
N( \-;\(1a, Calit'ornia, Arizona niiil N'ew Mexico about two litniflrcd fields of 
lava, judged by their color antl habit to Im» Imsnlfir, und as many hs three 
hundred aud fifty cones of basaltic scoria;. My attention was usually not 
called to their state of prawrvation, but the data contained in note books 
and memory Devertheless afford a bans for judgment, and I have attempted 
a classification, with the following result: Of the streams and fields, 15 
per cent, are judged to be Plvistiicrne; nf the cones, 60 per cent.; the 
remainder arc regarded ns Tcrtiai N-. ( )t the cniptiims thus clasi*e<l us 
Pleistocene a certniu number admit of no question, and these are enumer- 
ated iu the followiug ^mragraph. 

On the Markagunt Plateau in southern Utah, dose to its western edge, 
are three or more lava fields of the rougher type, all firesher in appearance 
tiinn the Tabernacle field, an<l with them are ten or twelve cinder COnes, 
r«Ml and bla4'k. It is said tliat Paii^ultrh Lake, a few miles toward the 
northeast, owes its existence to the daiii]niii<:' <if it*' vnlli y by a liwn stream 
nearly as fresh. On the face of the cliff which bounds tiie I'ownsagtujt 
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Plateau on the south, a eiudtir cone muikn tin- |Hisitioii ot a vont troni wiiicli 
a black utream has flowed down the slope toward the valley of Kaaab 
Credc. This stream has weathered aomewhat moro than has the Tabernacle 
lava, but rec^ey ie indicated by the «maU amount of subsequent eroeion in 

a country whose whole eonfi-ruralion iudieates rapid degni'lation. In the 
heart of the Uiiikun t M. mnraiiis df ndi tlit rn Arizona, siirrouiHU'd by scores 
of basnltir stri aiiis luul i niters, the iiininrity of which an^ prohahly Ter- 
tiary, therti is one lield ol intense blaekuess rivaling the Ice S]»ring field in 
freshness. South of the Oiand Canytm the Colondo there is a tumilar 
forest of cratered cones about tlie base of Snn FrancisGo Bfonntain, an.d as 
one surveys them from that peak, his eye is arrested by a lava field at the 
east on which vegetation has not yet encroached, and hy si v* l al craters 
near it of exceptional perfection. On the source of the S.m Jnx- in New 
]Vt«'\-iro ;i sti-i-ntn of 1;iva pn»serv'es the wriiikli's of vi.scoiis liow, ;in<l its 
snrlut e has scarcely yielded to tJie comision of a brooklet tliut cr«)s.se» it. 
At the southwestern base of tlie Zufli Plat^ui, near £1 Moro, is a long, 
broad lava stream, comparable in ago wltli the Tabernacle field. In south- 
eastern California, on the grand alluvial cones of tlie eastern front of the 
Hi^ Sierm tliere are a dozen brlg;ht red and black cinder cones marking 
vents whence bnsidr dt scended tOAvard Owen's River. Further noilli, 
in till- ssiine strurtiinil tin ritrmn, a small basaltic mass overlitai one of the 
glacial moraines of Mono Valley. 

RHYOUTE. 

Besides ba.salt, the otdy innM>rtntit volcani<- iv»ck of the Uonneville 
area is rli\-iilifc. It stamls iii»\t nlso in ]>niiit <if rcffticv, bnl is far olilfr 
than Lake Bonneville. >So lar as ol)servatiiiu i \u iide<i, ils most recent 
example is a body lying just east (^Coyote Spring, at tho south end of the 
Sevier Desert -Tins bad an (mgina! depth of three hundred feet or more, 
and an extent in eadi direction of several nules; 1»tt it has becai so dis- 
HOCted by erosion alonjf its lines of dnuniifzx' tluit its ori;rinal confifruration 
is suggested rather flian slinw!i. It-^ s\-sfci)i of v^d1l>^•.•^ has a ircnend depth 
of at least two humln d teet. and tlie.M- me so related to the lJ«.inneville 
shore-line ajj to show their eui-lier formation. • 

HON ] ^33 
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Just east oi the Tabfirnaole lava tiold in a hill nt" jjiey rhyoliu- one or 
two hundred foet higli. It w a wwn remnant, with nothiug iu its a><pect to 
aid conjecture as to ita original extent Its haae ia concealed by the kke 
beds, and its eides show terracing by the waves of Provo and intermediate 
times. Lying to the leewar^ of a gypsum phiya, it has acquiml n white 
mantle of (rypKcouK xanrl dnnes, whence it is called "White Mooutain" (see 
page 223 and PI. XXXV). 

A portion of the Dugway range, on the .south margin of the Great 
Salt Lake Desert, b of rhyolite and rhyolitic taft It is of such antiquity 
tliat tlie original shapes due to eruption have been replaced by those of 
atmospheric sculpture. From its gf>rgee, as from other mountain gorges, 
there are spreail great fans of alluvium, and aCKMS these completed fans 
are traced the shore-lines of Bouneville. 

atlMKARY AND COMCLUStOMS. 

The extravasation of rhyolite iu the immediate vicinity of Lake Bonne* 

ville was long anterior tj> tlu' epoch of the hdce. Tlie same may be said 
of ilic I ;ii1ier extravasations of liasalt, hut the ])eriod ♦>f basaltic emjition 
im hull s period of lake extension. In the Fillmore district basalt was 
extruded at various times during the epcKrh of the ^VTiite Marl (later Pleis- 
tocene), and from one vent there wirae eruptions alter the fimd derieeadoo 
^ost-glacial). 

The states of pivservation of lava beds of various determined epochs 
afford a rude scale for the chronologic clas.siHcation of \av,\ bod- not otlu r- 
wise cnnt'hitnd, and wnrnint the conclusion that in Utah, Nevada, New 
.Mexico, Arizona, and Caiitbrnia the majority of basalt flows an* Tertiary; 
a small minority iire Pleistocene, iiud of the^' a few are post-glacial. Tlie 
l>ost-gladal eruptions are foond in each of the indicated States and Teiri- 
tories except Nevada, and belong to dght distinct volcanic districts. 

Although human history fails to give s;itisfactory record of the occur> 
rence of any of these eruptions, their aiiliquity, as measured in years, 
can not be gn-af, snid an application of tin tri ncral law of j)robabilitics leads 
Us to look forward to a ivsuuiplion of volcanic activity. The subtenanean 
reaction of whidi basaltic extravasation is tliv consequence has continued 
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in the briDul rt jiiiui iiol otily tliroiigli tlit- I'leistooeiii' but tliroii;^li a imuh 
longer period of precediug tinit'. The iuteriuittouce of eruptiou dues not 
argod diacontinuity of the subterranean process, for, whatever tliat procew 
may be, it involves the production of an unstable equilibrium that is con- 
verted t«) stable e(iuilibriura only by enipttOU, and mvU convei-sion is 
always rliytlimir. The iiliriTpt fcs^ation of a process so widelv spread and 
so Ioh't siiHttiiiK'd is hij^hK inipmlialilc, aiul its j^adual cessation would * 
luituruily include not only growin<j iufrequeucy of eruption but the suc- 
rassive extinction of ouption distrirtfl. Hie number of poist-glacial emp- 
tions and the number of districto among which theae were distributed alike 
assure as that the end is not yet. 

Tlu'ir distribution in time and space indicates that the vcdeanoes and, 
tlio lakes Imvf been ^genetically ind('i)<'ii(!( iit Tlie Ftitnarole volcano broke 
out duriiiu'' -III i jiiK li (»t' aritlity, louf^ betoie the tii^st expansion of the lake; 
the Pavaut and the Taberuacle were built on sublacuiitriue fouudatious; 
the Ice i>\mug volcanoes continued the series afiter the water had subsided. 
Outside tlie basin there was a parallel volcanic history, and though the 
volcanic districts aru iiTe;rularly disposed, one can not say that they are 
either more or l«is abundant in the viuiuity of the site of the lake. 
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OHAPTBB VIII. 

LAKE BO^pf^VTULE AND DIASTBOPUISH 

The diBplaoemeats of the otrth'B cruBt wliidi (irodttoe numataan ridges 
are called orosfenie. For tlie bioader diaplacemeata canBuog continente and 

.plateaus, ocean >xh1s iitnl (■(nitim nt;i! Icisin*, Ottf language affiorde ttO torm 
of equal convcuioucc. Havin<( occasion to contra>*t the phenomena of the 
narrower geo^n njiliic waves lliosp of the broader hwpHs, 1 shall take 
the liberty to apply to the bmuier iiio%eiueut» the adjective epeirogcnic^ 
foaudiug the term on fhe GredL word {jmipoi, a comtment The jvocieM 
of mountain formation is wogm^ the prooeas of continent formation la 
and the two collectively we diaatrophtsm.* It may be tbat 
orugenic and epeirogenic forces and proce!<»e« am one, but so long at leaat 
as both nre tiiiknown it is ('<>ineni<'!it to consider them separately. 

The ininuitnin ranges so :litckly «et in the liomiLviilc district, and 
generally iu the <»reat lia.siii, ai-e urogenic pheuomeua; tlie concavity <rf 
the Bonneville Basin, whereby it i» constituted an ana of intmor drainage, 
is ep^rogenic. Neither process of displacement belongs exclusively to the 
remote past, but Itoth ai*e asstu-iated witli the lake history. Tlie ovidonoe 
of this as.sociation is of thi"ee kintls, consisting (1) of the phenomena of 
faults, (2) t>f fh parture of shoi-e-lines from hori^ontality, and (3) of the 
unomaluus position of Great Salt Lake. 

EVIDEirCB VftOM FAUIAIKO \ YAJJVS eCABPB. 

In the district of the Great Rasiu the characteristi*- structure of mount- 
ain rnii'^'cs is one in whii-h faults piny an important part. Foldings of 
strata are uot wautiug, but the greater teatur«;s uf relief appear to have 

> Sm note on pun 3> 
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been wrought by tlnMlisplaroment of orograpliic t>lockt« aloii<: linr s nf fault. 
Sometimes a mountain nmgi ruusiVts of ii ^-mit lilcM-k of ^tratii mt oti alonfr 
out} side by a [trofuuud fjiult, and inclined in the opposite direetiou until it 
dMoends beaeftth the plain conRtitatod by the allavial deposit* of die adja- 
cent valley. Mora frequently there are otlier faults within the range, trend- 
ing parallel to it^i length, and having throws on the same aide with the throw 
of the greater fault at the base. 

It \va» prohahly these intenin! fsmlts which originally suggested the 
structure of the nuiges a» faulted orograpiiic blocks; but the structure was 
800U connected with a certain set of topogi-apliic features, and cuino to be 
reof^piiaed by means of thesft A range consisting of a fimlted block gen- 
eirally has a bold front on the side of the foult» and is less abrupt cm the 
opposite slope. On the side of the Ixdd front the line separating the rock 
of the mountnin from the alluvium of the valley is simple and direct, while 
on the op|io»itp sidp it is tortuous. On the side of the fault the strata 
usually dip away from the adjac.eut valley; on the opposite «ide, toward it 
It was not until after the structure had been discovered and described by 
several geologists that the more decisive evidence afforded by the&ult 
scarp was bronght to bear. The writer first became aware in the lamner 
of 1S76 that lines of fiiulting may sometimes be traced upon the ground by 
means of low cliffs or scaqis due to ilisplacement of f«o recent dnte that the 
atmospheric processes of s< nlprnic liave not yet resfnn d tlii- nnlinary forms 
of topographic detail. Since that time he has observed muiiy such scarps 
in various parts of the Bonneville Basin, and in other portions of the Gn^t 
Ba^ and the observation has been stj]] further extended by other^ 
especially by Russell.' 

The ob8erve<l fault scarps for the most pail follow the outcrops of fault 
planof" whose position had |)reviously V)ecn infcrr«'il frnm the configuration 
of the adjacent mountains, ljut they have scrv<'d also to b»'lniy a nimd>er of 
faults whose existence might othertt ise not be suspected. An illustration 
of this is found on the wost side of the Aqni range of mountains, where 
the strata constituting the range dip down apparently beneath the alluviam 

> Kourtb Aaa. Ktipt. U. a.aMl. Sorvagp, n.m,m,M»t4Sa. Ottia^Ml Urtii«r«f Lak» Lahoa- 
taa, Chap. X. 
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of Skull viillcv. The tvpirnl n^pcct of tlio faiiltorl monntniii front is licre 
waiitiiijr, and the actual fault, tit lu^in^lratcd hy a su|K'rticial s*-ar|t, ualufally 
e:ica|)ud the attentioa of tliu geidoj^istii who have dcflcribed ftud tigureil the 
tttractuie of the raiige. 

A caae of more frequent occurrenoe is that in which the fftult along die 
base of the i-.mge h coiDpuuixl, one portion following the visible edge of 
the nxk, anil anothi r p<irfit)ii lyiu<f some furloiifrx or cvfu some miles val- 
lt»\-\vard. The ordui uif l)li»ek Ju'tweon t!ir> two fmlt planes lies far lower 
than the oue coiistitiitinjf the iiiouiitaiii range, and may be far higher thuu 
the one heneatlt the valley. Occasionally «ome portion of it is visible, but 
it is nsnally completely buried by the ollnviuni constituting the foot slope 
of the monutain^ so that the surfare aiVords no intimation t)f its existODOei 
unleHS some ret ent faultinjif records the |M)sition of its margin by a scaip. 

It was at the base of the Wasatch Kanjut.' that the fnulr s<-ar]> was first 
diseriminateil as a <li»tinct topopniphir feature, and up t»» the present time 
lluit range haij atforded the be»t illustrations.- A deascription of the phe- 
nomena there exhibited will now be given soroewliat in detail, fioUowing 
the order from south to nortli. It should be premised that the &ult scarps 
were at no time a leading snbjectof investigation; the region was tmversed 
upon other errands. o!id the faults were observed incident;ill\-. Tlit- record 
therefore, alllHuiiili iii\oivinjr nuich detail, is far from full or exliausti\e. 

The Wasatch liange, using the tenn in tJie tuo-st restricted sense, may 
be siyd to extend irtmi the town of Ne])hi, near which it culminates in Mount 
Ifeho, northward to the Gate of the Bear River, where its axis is very low. 
T\xi> general course is a little west of north, and there are two angles just 
uurtli of Mount Nebo, which have the eff«'<'t of offsetting the axis some 
miles to the I'tctwartl. Nenr tlic town of Sniita«juin there is n K)W spur 
projecting westward atul continiietl across the valley in a line of hills. 
Forty nille» f«rther u«irth a higher spur, known as the Traverse IJiuige, runs 
westward. A third spur lies just north of Salt Lake City, and a fourth a 
few miles north of Ogden, near the town of Bonneville. Tliese orographic 
features and the positions oi' the localities describ(Hl in the following para- 
gnipli can be best made out by the aid of the large map of Lake Bonne' 
ville. 
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rrom Ncphi tt» tlir pass vvnr .SaTit.n|iiin tlie rangr is Infty, and has a 
rathor high alluvial t<H»t fiiojK' toward Juab valley. At a variabic di»tuuce 
from the moantuu base tliis foot dope is travened by a fiiult scarp from 
ten to thirty foot in height It in for the most part single, but in pUoe» It is 
divided into two partus, and it was observed at aevenil pjints tu fade out, 
bi'ing coincidently replaced by a similar seai-]) a tew rod^ u\> or down the 
slope, and lappinjr past it. Toward the north it swings nearer to the mount- 
ain base, aiid it wju? rinally s^een to leave the valley altogether an«l strike 
acrotia the neck of the Sautuquiu ^pur. Juab Valley iieti at mch au alti* 
tude that the water of Lake Bonneville covered only its lowest port, and 
the ahore-lines lie far lower on the slope tlum the fault ncaip. There is thus 
no direct relatinn ('-^t;lllli.-:hing the order of iiequenee of the lake and the 
ilisjihu-enients, but the relative reoeney of the la«t displacemeut U inferred 
frtnii till' Htnff* of preservntinii of tlie srarp. 

Evideiue ot faulting was next .set ii in the aueieut deltas on the Spaultfli 
Folk, deltas lying in the reentrant angle produced by the inflection of ttie 
mounti^n axis north of Mount Nebo. Tliere were dntinguished two deltas, 
8)-nchronous with tlio Bonneville and ^vo shore-lines, the Bonneville delta 
being widely trenched by erosion and containing the head of the Provo 
between it-i s!in'iv!n<r <e<rni<*)it^i. Tli<» fault senr)»s are iihiiiciomh, producing 
a contused lojMtgraphy, and iheir zone in at lea.st a mile broud. The majority 
traverse tlie upper delta oidy, and tJie abrupt manner in wliieh certain 
scarps terminate at tho edge of this demonstrates that they were produced 
aft^ the formation of tho upjier delta and before the CMnpletion of the 
lower. Tlie greatest thmw of a dingle &nlt observed on the up|ier delta 
is more than lAn ft < t : the gn-atest throw the h»wer delta is about 40 
feet. Tlie l!irnN\ .il nil tlie faults is toward tlic went. l>ut the strips of delta 
plain lying between tiie parallel {-miIu are inclined toward the east The net 
displacement was evidently Huch as to increase the height of the mountain 
with reference to tlie valley, but i^s amount was not ascertained. Hience to 
Hobble Creek, five miles, theisoneof displacement follows the margin of the 
alluvial slope where it adjoins the naunUain face, and usually iiu liules from 
f wn tri half a 4htzen f;ni!t scarps. Tin sc in the main trend pnr.dl> l to the 
base ot the luuuatain ninge, but u few scui-ps deport troin it at liigli angles. 
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At Hohhlc CrcM'k tli»' limit scar|)s nra numerous, s\ni\ thf»v niv w^ll 
t'xliil)itf<I ou till' surfatt' of the IJoiiiiovillo delta. Tlioir total tlirow was 
ciitinuited, Mrith the aid of au aneroid barometer, to be 125 feet Tlieir 
states of preservation indicate that thoy are of various dates, and the latest 
formed is so fresh that vegetation has not yet entirely covered its slope. 
A little fartlier nortli a faalt is seen to traverse a Ik ucIi liuc of the Inters 
meilinti' H(>nes, ^nvinir tlie I'CMitiguous poitiotts of the lieach a difference in 
altitude f>f ulmut tliirty tuet. 

Near the city of I'rovo, a :>iuaU itiouutoiu torreut issues from a gorge 
called Roek Canyon. At tlie mouth of tlie canyon b a delta terrace at the 
Bonneville levolt with a radius of about 1,700 feet^ and divided midway by 
the stix'ani. The stream has opened a passage several hundred feet broad, 
and is Hanked on one side by a stream <en-aee. The greater ]Kirtion of the 
delta terTa<'e on lM>tli sides of tht» sti'cain is (•<irriiL'"!iti'd }\x faultni^-. heing 
ridged to surli an extent that ♦ it \ ;itt <1 ai^iu <liu l.s hnw Ih ch resulted to iu 
cuuduoting water over it for purijoses of irrigation. Figure 42 exhibits two 
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Tlo. <2.— IVaStrs (l.nw fivl a|kirl> of llie fUtck Canjron Delia. illii>lraUii|[ it* Olupbormenl hy rnall'mtC 

nie!i'<nn'rl ]in>nK>s tntversiii;r the southem half of tlie <l<*lf:i iit right angles to 
the strikf ot tlu hiiilt sriii jr-< If tlie rcmliT will bear in miiid that these 
deltas are iionually cliaraet*'rized by sinijile profiles, sloping with great uni- 
fonnity from apex to margin, he may obtain from the diagrams some idea 
of the nature of the irregularities introduced by fiiulting. The rock of the 
mountain is indicated at the right, ami the rli»V, «, at the extreme left is that 
beloni,'ing tt» the margin of tlu? delta The jjositions of faults are shown by 
vertieal broken lines, ;ind tin l. (f( i h A f il i- mnrk fault searps which traverse 
botli liue» uf soetiun. i he lines of »ectiou are about 1,000 feet apart, aud 
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their difforoncos fairly n prcsi uf the ur(lin;ir\' v:iri;iliilit\' oliscrvcd in the 
detuil.s I >t fault helts when rullowcil in thi- dirt'ctitni nt their strike. A little 
fiutlier noith than the poflition of the upper profile the faults b and e 
approach each other, and the fiillen bloek between them wedges ont 
Where they joht, the trough {fiveji p1a<!e to a ridge idu>ut live fei-t high, and 
this ridge, after miming a sh<»rt distance on the plain of the delta, n aches 
till- rdgc o\crli«iking tlie ^itrealn and follows down the streiini flill to the 
tloiul plain. A portion <»f the iault scarp <l likewise deseends tiui stream eliff, 
but all the other 8curp» of the tomute cud at itti northern margin. It tlias 
appears that the greater part of the diaplacement took place before the credc 
performed it» last work of lateral corrasion on the south side of its channel, 
but that two of the movements iire of l:it< i- dute Tlie phenomena are of 
sperial interest hecanse thev exhihit the hades of faults, features vorv diffi- 
i-idt ol' ol>ser\ atioii \\ h<'re the liiiillt d material is alluvium. The hade is 
nearly veiiieai, hut invlines slijjhtly tovvanl the valley. Tiiest; featiireHare 
showu'in figure 43, in whidt the stream cliff is represented as seen fiom 




the north, the artist standing on the northern half of the divided delta and 
looking across the vallejr of the stream. Hie creek itielf is hidden by a 
stream ten-ace which occupies the forogronnd of tlie sketch, and it will be 
obaemred that this termce is likewise tniversed by two small fault soarjis, 
fadng each other. Their height is only from two to f«»ur feet, and by 
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i'ontriwt witli the greater si-nqm oii tlie delta terrace beyuJid, they serve to 
show how small n ptxiaon of liie entire Artnrbmce ban occurred aiuce die 
principal excavation of the stream channel. 

Tlie n«ct ob«ervation wa» mode at the American Fork, which d«boaches 
from the irnniiitaiii twelve mile's farther iioith. There, too, a deUa of the 
Bonneville shore-line is coiiti JillN dtviih-d hy stream erosion. Both luUvenof 
the dcltn are traversed clo.se t<i tin immntnin baw l)y a fatdt scarj) (JO or 70 
feet higli. 'Hie siuue displacement travereei* the flood plain of the sjtream, 
but it» throw there is only 15 fioet, showing that the entire displacement of 
the delta was not aocotnplislied in a single movement Hie last distarbance 
of the tl(Htd plain was so recent that n rapid still marks the acdivity it pro- 
du<-ed in the bowlder-paved stream ehaniud. 

A few nii!f»s noithwanl the sc.irp w:is Heeii to traverse the I'leistocene 
alluvial phnn at tlie mouth of Dry Canyon, and also the inoraiae with wltiuh 
that plain is associated. This locality is close to the point where the Tra- 
verse Range joins the Wasatch, but the fault was not traced far enough to 
ascertain its relation to the junction. There can be no question, however, 
that the great fault passes between the two mnges, and it is proI»able that a 
' recent movement has characterized it here as elsewhei*e. On the noith side 

of the Traversti Ran^je the fault scaq» at the base of the Wasatch was traced 
quite to the junction and seen to rise in the gnjiu between the two masses. 

In the next ten miles northward, there issue from the Wasatch three 
creeks, known as Dry Cottonwood, Uttle Cottonwood, and Big Cotton- 
wood,' and the faidt was continuously tracetl by its scarjw past all these. 
In the \nciiiity of the streams and in the intervals lictween them the surface 
disturbances are complicated, and for a »1ist;iiicf of about 5 mile-* thcie run 
opposing sharps, between which a block lius Iteen depressed. At the moutlis 
of Dry Cottonwood and Uttk Cottonwood canyons, the scarpe crass a sys- 
tem of moraines, described in Chapter VI and represented in PL XLII, and 
materially modify tlieir forms. TIte lateral and terminal monunes of Dry 

CottOHw«.M)d Canyon orij^inally constituted a loop, the extremity of whicli 
was notched by the creek. The depresiied l)lock, traversinfj tlip Intend 
moraines, has carried down seirments of them, leavinj.' the discil ixiitiims as 

' Id pi. XLII tho nuita " Big Cottouwuod " in erroueuml; attacbtd to Dry Cottonwood Crook. 
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f-A. It r:,,Tll,. ,il s<,ulli M<ir^lii.' M tke 
ImMtHjil Caaytn ifaowlag tbe etfi-cl t>r F»alttii|C. 



«f LUttoOtt- 



a jpair of outlj-iug biU». The twiathfm luteral moraine of Little Cottonwood, 
an acuto and originally oynunetric ridge, ho» asmm&i tlif proHle n-jtro- 
seated in Fig. 44. Tlie northern lateral, being broad and flat, exhibits a 

COnspinioiiH tn-ticli whon; 
rros^cil the flpprcssed 

M.K'k (.sw I'l. XLIII), TIh- 
Widls uf tliiH m'lu'li iiix* 
among the frefthcst of the 
fault scarps, being bare of 
vcgHatioii along tbeir upper courses, and in places too iit4?e|> to Ix' climbed. 
On the siili.' nt'Jin'st tli<' inoiiiitaiii tlu'ir lutij^Iit is from 40 to (i(> iVet. Here 
it is rvirlnit tli^ii tIm' total di.s|>1;icrnn'i)t w:is ncf<im|i1is}ic(] \>\ a 
sorioH of ctiort^, Im Iwuvfi-n the two nioniiiit's the }>h«<non)eUii ot tlio 
depressed block appear in the alluvial plain of Uttlo Cottonwood Creok, 
and the greatest scarp in ttie plain hai» a heiglit of only 20 feet. At Big 
Cottonwood Creek the total displaoement is about 40 feet, and at a point 
betwe<n) the two streams a single scarp ivas obsen ed \>'ith a throw of 100 
feet Fig. 45, giving a profile of fealt smrps near Mv^- ( 'utionwoMd Cn ek, 

imf Mil T)ii'.i.^ill'c)iLi-li(. lull 

rejm>dures a i-(>u<,'h tield sketch. 

It is probable that faults traverse 
the ancient deltas of Little Cotton- 
cmsm. wood Crock at a distance of some 

miles from the moimtain base, but thi« f;i« t w ;tH not fully established. 

From a point ahouf niie mile north ot Hlfjf (!otton>vood ('ivek to 8alt 
Lak< r'itv, n (li-itiiTii )' 1 . 1 tell miles, the fault iTet»rds are obseure, and it is prob- 
alile that there liave ijeeu no very recent movements. No scarps at all were 
seen close to the rock the mountain. It was thought that an old one 
could be traced a sliort distance along the nuddle of the alluvial slope below 
Fort Douglas, and tliore is a more dedded indication at the foot of the sam^ 
slope in the eastern suburlM of Salt Lak< Pity li th of diese are ancient 

as compared with tlic st-nrps )»reviously th'.seribeil. and they may even have 
been washed by the luter waters of Lake Bonneville. 
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Salt Lake City in built just south of a &pm which projects foiu* or five 
mfles wevtwud fimm the fiwit of die Wueteh. Hiu »\)m i-epreaents an 
orogenic Uodc distinct from tlwt of die mAin nrnge. It i« seEMMUted from 
the moimtain iubss by a &aH plene along which the Wasatch hloek has, 

relatively sjKvikingf, risen, ami it is scinimted from the viilley on the remain- 
ing three sides hv n curved fault jiliiiu' uIihi^- wliirli tin- lilnck lunlfrl viiii,' 
the v;illf \ 1i;m, relatively sjienkiii;^-. t'.illcn. 'Ilie lirwt <it' ilirsc t'niili^ Ims i)eeii 
detcTuauc (i troni tlio rock stru« ture, us 1 utii infonue<l liy Mr. .1. K. Claytou 
of Salt Lake City. It i» abo indicated at its nordiera end by- a fault scarp, 
whidi can be traced for a short distance np the groin. The iault on the 
nde of the valley is exhihited at the west nnd northwest hy a series of 
«ear])s, whieh hejj^in in tlio northern suhurhs of Salt l^ike City near the 
, Warm Spiings. At this point the flat alluvial plain of tlie Jorfinn reaches 
tlie steep iwk face of the spur, the line of sejMiratiou heujg marked hy an 
abrupt change of sloj^e. A little north of the springs tiiore can be seen 
clinging to the lock at a height of 40 feet a line of conglcmnenite fragments, 
formed within the plain by the cementation of debris to the limestone, and 
brought by fatdting into the present position. The surfiioe of the plain 
Vielow in thrown 1)y tlir- snme fnnltiiij; into iirc^idar waves, and nt one jioint 
it is distinctly terraced. On tme i>f the iaullcil lieiielies nu ore-reducin}' 
establishment Im been built, utilizing a lower bench as a dumping grojiud 
for its slag. Between this point and the hot spring an alluvia] come, bdlt 
against the fiiee of the spur, is traversed by a typical scacp^ which was 
sketched by Mr. Holmes. Tlie sketch i« reproduced in PI. XLIV, where 
may be seen not only the scaq) but its relation to other elements of the local 
pfpologic histoiy. 'Hk' fnco of the spur consists of a pah nzoic limestone, 
iiulined at various high angles. The horizontal temices it l]i ;n.-. ,ire shore 
marLs 4»f the ancient lake. It is evident that the pruicipal features of its 
reli^ had been carved before the production of these terraces, so that the 
main displacement^-that to which the spur owes its origin — must have 
occurred long before the Bonneville epoch. 'Hie alhu-ial cone may or may 
not have lieen constmcted before the epoch of the lake, but by the alwenee 
of shore-lines and lake bwl-s from its surface we are assured that its outer 
layers at leu»t are of post-Bonneville depositiou. The dittplacemeuts pro- 
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diK'ing the fault scurjiH arc tliert'toit' subsequent not ouly to the lake but U> 
a oertaiu amount of post-heiutral aUiiviatioii. 

The portion of die alluvial eone timt above tho fault scarp ia chan- 
neled by the Btraam, and a study of the Systran of terraces bordering this 
cliannel shows that the total (ll.splaooment of 30 feet was produced by nt 
leAHt rliHH' iDilt pendoDt movements, the measures of the parts being 15 feet, 
5 feet, .111(1 10 feet. 

At this point uud elsewhere iu the vit iuity llie scarp is utilised by 
buzners of lune, who constniet thdr kSluH ag-aiiujt its fiiee and use the 
tenaces above and below for tlie two approaches needed in the man" 
an:emeut of the kilns. The pr()prieti>r i»f tin- kiln n presented in the plate 
enjoy n the further oouvenienoe of quanyiug hi» limustoue from the adja- 
cent elitf. 

The hot spring nt the apex of the sjjur is on the Hue of the fault, and 
a scarp eun bo traced from it iu either dwection. The powder houses staud- 
iug a little forther northward are partly above and partly below the fault 
soarp. Hatty of the fault features in thii» vicinity, including tiiose figured 
in PI. XLIV, may be seen from the car windows of trains passing between 
Salt Lake f'ity and 0<rfh>n, 

From tlie [mint where the sj)ur joins the main ridge northwaitl (i> the 
ancient deliu ot tiie Welwjr, a continuous s<-arp follows the muuntuin base, 
its throw nmging from 25 to 75 feet 0]>[>osite the village of FWmington . 
its COUTMC is less direct dian the trend of the mountain front, causing it to 
ascend and des(-en<l tlie narr«»\v alluvial foot slope in the nianiu'r n*presonted 
iu Fig. 4fi. The Imaul Welx>r delta, which belongs chiefly to the Provo 
epoch, is (tossimI from side f<» siih' h\' the sr;ir|i. the <^pnrnil tluow being 
from Mi to aO feet. A ix'cent alluvial cone resting n\nm the xauhern half 
of the delta has suilere<l a displacement ouly oue-tlurd us great tis the adja- 
ceat delta. On die northern half of die delta the scarps constitute a sys- 
tem rimilar to that m the delte of Rock Canyon, and tliere are transverse 
linuiches running half a mite westward into the plain. Atone puint tlie 
falling of a Idock has produced on the surface a closed ba.sin, which wirli u 
little nrtiticial improvement lias been made to iier>'e for the storage of water 
tor irriijatiou. 
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Thence to North Oplen ( 'anyoii warps wore seen at nnmeroiis points, 
usually in <rronps ol" two or more. Fijj. 47 {rives an uinneasureil profile 




Fli.. MI.— Stian^llDw •till f^iulr 5ciri> "1 l'" L u- <il Hit Wamit. l. lUiii. uiiir Knxniioglim. Uuh 

across the disphu cnient near < );ri leu Canyon, and contains an extreme illus- 
tratiou of the revenied slope Impantly {fiven to blocks ofallnviuni between 

})aralh'l i'aiiltj^. A tew miles 
i'arther north a small closed 




Fml 47.— PnAI* of Ptnlt ilurpa nmmr Oicdra CinyiMi. V'jth. 



hasin has tteen formed in this 
manner. In the same vicinity 
<me of the fault scarjjs crosses 
tlie line of the IJonnevilh- shore terrace, «lisplacin}.'' it altout 20 feet. 

At North ( )}rden ('anyon the a.\is «if the rauf^e turns westwai-d for a few 
miles, and then resumes its northerly <-ours«'. At the salient allele a low 
spur is ai)}H'ndeil, similar to that at Salt Lake City, but of smaller dimen- 
Hions. Tlie scarp runs behind the spin-, and none was seen about its face: 
but it <'an n<»t be doubted that its bountlarv on the valley side also is det<-r- 
mined by a fault. A hot sprinjf rises near its western bas«-. Thence north- 
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ward to the town of WilhirU tlio faiult hcui-jj follows the mountain ba.st! with 
an average throw of 20 feet, and it gradually diminishes and diiia])|>ears 
before raaeluiig the next aetdement, Brigham City. Beyond Brigliani City 
a single locality only, w,ir the settloTnent of Honeyville, gave evidence of 
recent movement on the phme «tf the pi-eat Wasatch fault. 

The tot.ll distance from Xephi to Iloiicyville is 12o miles, and it is 
probablu that more than loo miles t.t ihut ilisiiuice is characterized by |M>»t- 
Bonneville fiinlt scarps. The average ilisplacement is 30 or 40 feet 

North of Honeyville the crest line of the Wasatch faDs so low that it 
was overflowed by the Bonneville waters. Tlie axis rises beyond into a 
range of importance, but the name Wasatch is not there a{)plied. If the 
western inaririn of tliis ranfrt> 5s detennined hy ,i cnntinuntion of tlic Wasatch 
fault, no record <»f the fact wn-^ nh-crved in mx'ut scarps. A U w scarps wero 
seen on the opposite (eastern) side of the range, especially in tlie vicinity 
of Clarkston. Twonty^miles farther north, and approximately in the same 
structural trend, there are fault scarps at the western margin of Maish Val- 
ley, but thoae are outride the Bonneville Basin. 

Tlie fault mentioned at fHarkston follows the western margin of Cache 
Valley The i iistcni wall (if the vallev is Jin importjint mountain range, 
wiiusr lii.lil western trout has the tn|M»grHpluc configuration of a worn fault 
cliff. At its base there are oljscuro indications of late movements, either 
during or just after the lake epoch, and at one point, near Logan, a p«>st- 
lacustrine fault scarp oroases a delta of "Pmvo date. The displacement is 
about six feet. At the north end of the valley a weathered sctirp was 
observed near the base of the alluvial cone of Marsh Creek, close to the 
outlet channel nf T.ake Hoinieville. The direction of its throw indic.ites 
that it belongs to the eastern side of the valley, but it is several miles from 
the mounti^ front proper. 

The range bordering Cache Valley on the east extends southward 
parallel to llie Waaatdi, and exhilnts in Moi^gan Valley, at its interaection 
by the Weber River, an old fault scarp, judged from its imperfect preserva- 
tion to be pn'-Homicvillc. 

Passitig \M'si III" ilic Wasiiicli tiit'ri'ii;iii. liave at the north a single 
instance of rt^cent faulting, i lie small rang«^ 'yhtg east of the t4)wn of ^jnows- 
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v31e is marked at base by a low srnqi, — a scarp move defaced by eroflioii 
tliau are the Bomneville terraces lower down on the same slope. In the 
same meridian and far to the south are the faults described in tlic- lust clia]>> 
tt'P as associntfil with the let! Sjjrin;; crat(*i"s. Tliev arc j>robal»ly relV'rahle 
to tlic volnmii" p1it>iiomona nstlior tlian to tliosc of mountain ujilift ; ami the 
mmw reuuuk applies to a bcarp observed by Mr. liuiuMill 20 miles fartlier 
south. 

Midway betwem these are two fault lineS) aasodated with the Oquurrh 
and Aqui ranges. These ranges are parallel to each othev and to die Wa- 
satch, and agree with that range in having tlieir main lines of displacement 

oil the western side. The s<-nr[) at tlio wostoni base of the Oquirrh runs 
southwaiti tmm Lake Point a distance of four miles, exhibitinjr a throw of 
25 feet. ltd pObitiuu U ut the hium of the ^teep niouutaiu lace, and the Bonne- 
ville and FtoTo tmraosa are carved in the rock above. It was next seen 
a few miles ftrther south, where it follows the contour of an embayment of 
the mountain «de. It is there partly above and partly below the level of 
the Bonneville shore-tine. Near the town of Tooelv^ it ap|K>ai-K to strike 
across a ti-ansverse spur, reajipeariug S4>utlnvanl at the mouth of what is 
ciillnl I>rv (';nivnn, mid continuing thence to East r;nivnn ;md th(> rnnyon 
wliich rontaias the ininiug hamlet of Ixnviston. Attlie mouth oi I'iast Can- 
yon it intersectii alluvial terraces iu such way hh to show two scpai-ate 
movements with an aggregate throw of 50 feet Althou^ the coarse of 
the scarp was not traced, it is believed that it could be followed oontinu- 
ously for 'list;in< 0 of 2.5 miles. The southern portion runsabdvc tlic hor- 
izon of the lake shores, and is therefore not direefl y com|)ai~.il)le with them, 
but it is considered probable that post-lionneville ninvprnonts have occurred 
at all points of observation. Tlio scarp on the Ai|ui Hange is low, and 
there is small basis for judgment as to lU date. It was l>e»t seen in the 
vicinity of Knowlton's ranch. 

Following westward along die system of ranges which separate the main 
body of T.:ik<' Bonneville frtmi the Si \ i< i y observation is piuwly nega- 
tive until the House Range is miched. It is pro|K'r to say, Iiowover, that 
so ninrh nttcntion was given to tnountuin foot slopes in connprtron with the 
study of :>horC'-lium> that the abcMiUcu uf uotttblu fault «carps may be aiiserted 
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of tho southern portion of the Codar Range, of the eastern iaw. of tlie Simp- 
son and the woBtcrn face of the McDowell, of Granite Kock, and of the 
northern portion of the Dugway Range. 

The HoDfle Bange was long ago recognued aa a &ulted monodine in 
n-hicli the direction of displacement is revei-sed midwaY. The northern 
third (if tin- riniire cxhi1>its tx westerly dip, niul is f;mlti fl the eastern 

base; the southern jtart Iuih an easterh- dip and is laiilii d on tlic western 
bow.' This determination was subsecpiently coufiniad l»y tlie discovery 
of Ik well defined fiiult scarp in the vicinity of Ilsli Spring, and an obscure 
and probably very ancient scarp at the western base of the southern division. 

The next mountain body to the wcist i:; the Confusion Range^ an 
assemblajje of Mmall ridges, and asHoeiated with thrst* a single scarp was 
found. This lies tu nr Km ill S[)rinjr>', on the east sidw of Snake V^alley, It 
Is low and wtnu, and lullowe. tlio rock base ch»»ely. 

The Deep Creek Range, which fonus piirt of the western boundary of 
the Bonneville Basin, is faulted on both sides. In the vichiity of the old 
overland road crossing the ridge from Willow Spring to Deep Creek settle- 
mmt, to which vicinity observation wa.s restricted, the niDge is flanked on 
tlie eart hy a brnad ami hv^h alluvial slopo No fnult scnrp was Koen, but 
Ileal- tlic liiwer maif^in ut the slope a partial scriion tit the !ak«» sediments 
shows tiiat tliey were disturbed dui'ing tlie peritnl of their deposition. The 
Yellow Clay at one place suffered aplift and erouon before the deposition of 
the White Marl, so that diere is unconformity of dips, and at another point 
the Yellow Clay and \Miita Marl together are so givatly disturbed tliat their 
inclination ia toward the mountain. Tlie superficial topography that must 
have beon created by these (H.-^turhaiici-s was oldilcratci! In- w:ive work, 
and at the locality of the sectitin the upper etige of tiie inclined block was 
planed away iu the fonnation of a terrace of the Provo shores 

On the west side of the range an ancirat and nearly obliterated scarp 
crosses the allavial slope near its upper edge. On the opposite side of Deep 
Creek Valley a better preserved fault scarp fulldw s the eastern base of the 
Gosiute range. It lies £ur above the BonueviUe shore-line, and was not 
critically exaniined. 

> Snrnqra WmI of Mm lOWh Maridika, vol. 'J, pp. Zl-tSi. 

■on I— SQ 
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OBMBRAl. FBATORBS OP PAULT SCARPS. 

Except iu the volcuuic district ol' tlie Si>vi«-r iJesert, the fault scarj)** 
&II0W iJie baaeB of mountaiti ranges or ntii pAtallel to them. Wlwro th«i« 
is but a single scarp, it invariably fiioes toward the valley and awsy from 
tbe mountain. Wliere there sre several acarpe, fre<|iiei)t1 y oue or more &oe 
towitrd tlie iiiountain, but the <>ii<^ nearest the iii(»tiutuiii ahvays face.i toward 
the valley, ninl the net diipljiceiDent i^ n)w;jv^ of sucli iiatuix' an to ntfn ;is<: 
the lu igiit of tile iii«>untain with rei'ereucu to the valley. The mouiitaiue> 
are risiiig or the valleys siukiiig. 

The scarps are rarely foaiid at the contact of the rock of the mountain 
with the alluvium of the' valley; they usually occur in the alluvium several 
scores or hundreds of feet frrnn the contact The «e<^ieiit8 of alluvial plain 
iDcludtnl between parallel scaqw raivly retain their original slope. In a few 
iu»tanrp<<, anfl for short distances, their rate of descent towanl the \ alley is 
increased by the disturbauce, but as a general rule tlie slope valley wanl ia 
dinnniflhed, or even revsised. Tho tmden^ of the diBsevered blodEs to 
incline away from the idde of the downthrow is almost as pronounced as in 
the case of land alidea The assumption that the attitudes of these alluvial 
suifaoes are ix'presentative of the attltmles of largo down-reaching masses 
continuous with them seems unteuable, because such masMS would mutually 
iliteiHere. 

The hade of a fault is usually dUficult of determination utdess exposed 
by mining oiwrations, and die ^lliculty is pet uliarly great where the walls 
are of incoherent detritus. The fredtost of the fault scarps Imve some talus, 

antl piv»ve i>nly that the hade does not depart widely from vt-rtit-allty. The 
l)est oltservation was niatle in the Rtw-k (Canyon delta, wlune, as already 
described, wvend s<'!u-]is <l<'s( f'!id a ntream cliff standing at the angle of 
stability. They sliow a hade towanl the valley of less than five degree*. 

Tlmt this approximate verticality is more tlian a superfidal feature «S 
the great Wasatch fault, is seriously questioned, for seveiHl reasons. Iu 
the first place the faidts within the Basin Ranges, so far as my observation 
shows, hade at considerable angles, and it is highly pndwble that this fault 
bt lniifxf to the mnw svstcm. Se«'ond, tlic sceular motion of tlic mouutaiQ 
being upward with relereuee to the valley, it is pix>bable tlmt the rock face 
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at the oontMt with aUuvinm haa been little wasted by erosion, and m essen- 
. tially the protmded foot-wall of the &ult, and if ao, the vinble firalt in 

alliu iiiin is Ht.t in tlx' plane of tlie <rmit lault, but itt a branch with lesa 
liiiili-. Finallv, tin- l:i>t In imtlu sis iifVdids nn i-nsy rxpliiniition of the snpcr- 
lirial di'tnils of" tlif faiiltin^r, -^^ ^vill :i|ipcar l)\ the t'oUowin;.'- expljination. 

Fig. 48 is cuustituted ut tour diajjraius iUustialing the sUjUMwed method 
of laulting. In tlie firat diagram the lino j: y reiiresenta in section tho 
Wasatch fiinlt, with an aaaumed hade of 30°. To the right of thia Ime ia 




VM. <1— nwim !• OluM* ThMiy at OniapH VkoH (kair* to AVsTtaiii, 



the firm rock of the niuuntaiu, its surfa»-e Ijein^f somewhat reduced b)' ero- 
mm above tlie point a, where t}io olluvitil slope uf tliu valley side adjotna it. 
To the left of the line « jr the material repveaeiited ia detrital and mcohereut. 
heiag chiefly alluviaL The alluvial mufyxso previoua to the laat fiuilting ia 
repreaented by a c. Tlie directhni «if motion in faulting is |Minillel t<i the 
])hine r and the jdane of motion is assumed t<> coincide with fhiit ]il;uie 
up to thf point f\ and then curve to h, sn that a triani^nhir prism of alhi- 
vium, a h e, remains attuched to the n»ck, «'oustitutiiijj the f«M»t-waU of the 
bult Tliia movenumt opena a flaaure, brtl. Tlio material traversed by it 
being incoherent or feebly coherent, the fiaaure Munutt nnnain o)Nni, hut ia 
immediately fille<l l»y the setthnjr of one or l«ith of tlie wmIIs. The remain- 
ing three dia;^rams indicate hypothetical methods of ( losin;,' tlie fissure. In 
the wcond dia-^ram it is supposed that tlie han^^in:,' wall vieMs w ithout defi- 
iiitu fracture, but by dili'eruiitial movement distriliuted throughout tlie mass, 
■o that the triangular ftUm included between tlio ijoiuta // dew made to 
aaaume the fiwm and poaitbn ff/e. There then remains a fault acarp, h /, 
giving an exaggerated meaaure of the actual throw of the &alt b d, and 
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arcompanied at its base by a rcveiM il inrlinntion of tlif suriacc ,</./!- In 
tilt" third diagram it is afisuincd that the han<.niijr wall is dividi'*! hy a fract- 
ure, /* c, and tliat the prism li d c wttl* -^^ au'l sprciuls vd ;ik to occujiy tlit* 
»j)uco » k e. Tliere result two fault scarps, l> k and h », facing in opponito 
dii'«ctioi)8 and ajiproximately represenliiig by their difl^ence die true tfirow 
ft d. The fourth diagram suppoMB that the triaugular prium ft I o in cleaved 
from the upper part of the foot-wall aiid »(ide8 down »o as to tak« the posi- 
tlon m n t: This g^ves two fault scarps, / n and M d, whoso sum would 
ordinarily aft'onl an ovcn stiiiiati' of tlu- actual movcniciit of tlu* fcvvixt fault 
plane. If now wo ooniiider lliai tli(-rt; liavo Im-ch n-pcated niovcuicuts a!oii{^ 
the same gcneml plane of faulting, and that these repetitive displacements 
have often divided the alluvium in Afferent places, it becomes evident that 
these hypothetic efementary profiles can be so combined as to produce all 
tlie complicated profiles at-tuallv observed. 

While, iu« ju.st mentioned, a number of successive movements may occa- 
sion the samp tmmhpr of s(']iarnt<' scarj)s, thev may also coincide in Iimmis 
and produce ljut one, an<l it is jirobjiblu that c-oincidence is the ride. In 
<;eneral, each scarp represents a seriea of distinct movements. 

Indeed, so far as the phenomena of the Bounevillo Basin instruct us, 
the process of faultinjif might he conceived as one of continuous slow motion, 
and it is only through the phenomena of (<arth(ii]ak!es in other districts that 

we become ac()uainted with tlic rln tliniir juhI pnrowsmsd nature of «lis- 
placement <ui surfaces of fnwrture. I'lm features ot the fault scarps accord 
fully with the general theory that the growth of mouutaiu8 is a gradual 
])roci^, secular in duration, though catastroj^c in detml. 

The freshness of some of the scarps points to an antiquity measured in 
yeai-s nither than centuries. A larr;a number have boon produced sinci^ the 
final retin-ment of the Bonneville waters. \ few wen; synchronous with 
the Provo sln»r<'-!in«*. < >iif. movcnient belongs to inter- lioiuieville time. Of 
earlier dates, mnhing can be said with precision. lusidu tliu luko areii, it 
is to be supposed that scarps older tiian the Bonneville slmro-lBne were o1dit> 
erated by littoral sculpture and lacustrine sedimcntatioit Outside tlie Bon- 
neville shore-line the only discovered index of antiquity is the state of pre»- 
ervation, a criterion aflbrvling no precision. IXscrimination is further em- 
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baiTas.scd hy tlio recurrence o( ili«|)laft;iut'nt aKtSiji jlit> samo linos, so tliat 
tlie qualified uulicntioiM of date in tlio |)reciHlitig pajrc-s apj)] y as a rule only 
to tlie latest of tlio local movomentii. 

LO9AL DISPLACEMENTS VERSUS LOCAL LOADINO AND UNLOADING. 

Tho pliOMOuu'iia t)t i'artli([uakeH indimto tliat tin> orojjeiiic i'uict's, wliat- 
evdr ihey may bt>, slowly genemto and aocumulate Mtrainx tn the cni«t, 
until finally the coliesicm or static fnction is overcome, and a sudden yield- 
ing reMuIts in a fault and an cnrtliqunke. In sueh a district as the Bonne- 
ville Itiusiii, will 11 • the planer of faulting, su]HMUrially at least, arc approxi- 
mately vertit it seems prohnhlc that t!ii> tlcti rniinatioM ot" rupture iiuiy lu* 
hastened or r«*tard*'d by anytliinjf atiV-diiif^ the u t-ifjlit (»f" the orofrciru- hlock 
on either sidn of the plane of movement. It is commonly lield by Htudeutii 
of physical gci'logy that the degradation of the uplifted block and tlie accu- 
mulation of sediment on the downthrowu block constitute an uuloadingpand 
a. loading, whicli conspire with and aid the forces primarily COUCennMl in tliO 
displacemt^nt. jiikI it is maintained l)y some tliat when once the displace- 
ment along a «rn'at tault lii.e has been initiate*], the prnrcss of loadrii!.' and 
unloiuling i» com^)etent to continue the di'!pre^»ion ot the lower i>lock and 
the upliearal of the liigher without further aid (rom die forces tliat initiated 
the dbturbanoe. Now tlie filling oi tlie Bonneville Basin witli water added 
a very coiuiiderablo wel£^ht to the valleyis and therefore to the down-thrown 
blocks, and mtule no corresponding additiMi to tlie uplifte<l blocks repre- 
Hcnti'd in tlu^ mountain nui'jes The <>nntem]»<inineons }rh"u icrs wero indeed 
sustained by uplifted l>lock.s, hut tia'se ncn; restri«"ted to a short section of 
the Wasatch, and in that section their weight Avas much less than that uf 
the water in the adjacent valley.^ It is therefore theoretically conceivable 
that during tlie |iresonce of the lake the process of faulting ah>ng the mount- 
ain bases was stimulated, and that after th< • v a]M>ration of tlie water the 
process was coiTespondin^^lv retard«'d. That ihe l(»ad of wafi c was (jiianti- 
tativ» l\- siirlii ifMit is readily shf>\vn. If the transfer of rfn k\- uiuiier from 
tlio mountain lilm k (d ihe valley bhtck is the rause unliiiarily operative in 

'Tho ari»a ■>; u v "ii tUr W.isMtrh RjinifK imiy ■ Miii;iiir. li ivitli Itiri rontpinporaiieoim area <>( 
wst«r in L»ke Boncu-v .r.i' l.v icl.r.'im- li! I', Ma \ T'.u- .ir.-;i» i.f ic: 1 liiTi' rf|iri-».';it.-<l <jii I Ii« WmIiMI 

•nd Uioiftb MiHuiUias tan copied from Kin^V map in Volumo I of tbo Furlicth ParaUol Koport. 
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geueratiug the streBs which renews movement along tlic fault plane between 
the blockx, then the depth of rock necessaiy to bo remoTed Irom one block 
and added to the other in order to overcome the adhenon on the fault plane 
is meaanred by oiu'-half the rertulting niovcuicnt. For tlm Wii>;it< Ii l iiugo 
this inensnre 5s less tliuii five fi-ct. Tlic load of wafer lield l»v the vaUey 
hloi'ks was ef]Titvnl<'iit in flie vieiiiity of fJi-cnt S;th I.nkc to a htvor of rock 
of the (leiirtify ot the siirrouiMliiig mountains and with a thickness ot ,'iUO 
feet, and at die Proro atage the load of water was equivalent to 200 feet of 
mck Tlte atrcNs duo to die water waa tlierefore many times greater tlian 
that needed to overpower the adhcrion, and the Itiad of water wa« com- 
petent tn act, ))ix)vided the orogenic blocka )MMieaBed the tlieoretic suscep- 
tibility to load 

If the (»rii«renic hioeks rest on a jdastic suhstratnni, or if they are oth- 
erwise cuuditit)ned so jis to obey the hydrostatic law and yield freely to 
exteriial stromoM, tlien the valley blocks should have lieeii deprenaed several 
hundred feet by the addition of the water, should have partially recovered 
froni thi-i ill pression durinfj; tlu^ abrupt loweinnjj; of the lake from tln' I'mii- 
neville sliore to the IVovo, and sliotdd liave risen still fnrther dnrinj; tho 
filial dc-'trcatinii of tint basin, cxci pf In n'fjions where the orogt^nic forces 
operated with Milticieiit rapidity to couatenu-t the tendency. Instead of 
thui, we fiitd that the post-Bonneville movement of the valley blocks, 
wherever it lias occurred, has been one of depression, and so far as the 
phenomeiui go we find no evidence that the depression of the valleys was 
more ra]Hd during the e^KMslis of the Bonneville and Provo shores than it 
lias been in nuire recent times. 

We are fi>rced to conclude that tlie moimtain ranffes of tlie iionneville 
Uasiu and the vullevs between them do nut, witli referetic* to each other, 
obey the law of flotation. 

It follows with equal cogency that the faults do not penetrate to a 
layer characterized by fluidity or s^nni-fiuidity — iniplyiii;? hy thes«' terms 
tli«' power to flow under <m:\]] shearin<r stmin— btif terminate inn rejyion of 
rijriditv — impUnng bv tli it ti mi flic ability to withstand relatively laiye 
shearin;; strain. I conceive tlicm to terminate at the upper limit of the 
iX'jfiou of pliuiticity by pressure — implying by that phrase that at aud below 
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a certain de|)th the rodn of the crust, lion ever rigid, are subject to mch 

jH-i»uni that tlieir yie'iliiiL' under sltearing Htniins (•xi-ci'(lin<>: tlici i-Inxtic 
litnii is i»>t I)V frurturc hut liv flow. I omcoive tint orofrciiir hlix-ks n.s 
( (Mitliii lit with t\iv subjaiM lit hyw, excepting uuch ns inay weiigo out liy 
till! couvci-geiu e ut' fault plum-.s. 

HOUNTAIM OROWTH. 

Tlie hoiglit of a mountain, ronndenMl as a topographic feature, ia tlie 

altitude of its crcKt, not ahove «('ii-I<'V4-I, but above the siurounding country. 
Krnin tlil> pniitt of view it is |MTtiiK'iit to iiHiuin' wlM-tluT fin' inouiitjiiiis of 
tlx* Hkiiiii \ lllr liiisin art- now «^r<i\vin^' Tlt»» question is in«itv onuily ankctl 
tliiiii answt'n'd, but ilit coUHiUeratinn may not bu uuprofttublc c-vi'ii tlioti^li 
tho roMiilt 18 indefinite. 

In tiie case of monntainH 'whose uplift takes place alon^r ff^i^ planer, 
the amount of faulting \n n monsure of the uplift. If the faultin<; is at one 
niar^j-in onlv aii<l tin* otlit-r niarj^in suflTtTs no (lisjilat-cuicnt, tli«'n tla' ;;< iu ral 
uplift alMive tlic adjacciit vullcvs is uTic-linlf tlie uplift at tlic fault iincH. 
The 'procfs.s»'s »»f degradation tend lonstantly to pait? away the mouutuin 
tup and thuH reduce its height, and in the diHtrict under considomtion the 
procesBfls of valley sedimentntion Kkemse reduce the mountain height by 
building up the valleys and tliereby raising the plane of reference. When- 
over and wherever dioKtmphiMm is tlie more active, the mountain (^mws; 
when dejrnidntion find sedimentation nre nnu'e a» ttvr', tin* mountain beeomen 
wnaller. The post-lJoiuieville fauliiu}; of the Wasatcli Kaujye is re.>*trieted, 
jk) fur jui kuuwu, to the western base, and there amouutd to about 4t) feet. 
The general uplift of tlio range may therefore be taken at 20 feet Tlie - 
product of tlie simultaneous degmdation of tlie mountain finds its way to 
Utah I.Jike and Great ■'^■il' where its eoars^-r part Is aeeunndated in 

the deltfls of tlie T'rovo, tlie .lordan and ihe Weber, while its finer portion 
is «])re!id ovf T tli<' l.'ikf Kiitfnnis. lint tin- deltas and lake beds nffcird ni> 
simple mejusure of the inountniu wa.ste, for the Siuuo livers reei'ix'e also 
detritus frotn otiier land areas, and in tlio same lakes are j^athered the silts 
from other streamx. Tlio deposits, moreover, are utiexjdorcd, and if they 
were explored, it would bo no easy matter to discriminate the post-Bonno> 
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vllle depoMtts from tlic Bounevillo T)*m1s hrnentli them. The [irolilcm ntipht 
be attackeil In- a cotiHideration •>[' the annual out>va.Hh of the mountain tor- 
reutd, but if this ditHcult niea»ui"e wcro imule, we tthftuhl still nctxl to know 
ih» mtiquity in yeiurs of the Ifwt Boimevine flood, a &ctor for the present 
entirely unknown. 

Bnt though a categorical answer is unatttuiiable, a qualified result is 
not Tiereswirily so. The rowmt uplift of the Wasatch Rjiiige is greater tlian 
that of anv other nino^ in the basin. Thnt t>f tlw <)(|uirrh niiiy be one 
half a.s gmit, Imt no oilier range is at all to be conipaix'«l in this resjKjet, 
and many rouges show no fault srarjjs whatever. It may therefore be said 
with oonfidimce that if any range of the district is actaally growing at die 
present time, the Waaatdt is growing, and this brings us to a theorem of 
Powell's wlili Ii h, re jfinds illnstration. Powell pointed ont* that a high 
mountain is suljject to more rapid degradation than a low fmp, and that the 
rate of dfi^'radiition U a fjeometric fmictioii nf the hei^lit. it is therefore 
impossible lor a mountain to become tall unless it is uplifte<l rapitlly, and 
when uplift ceases or becomes skiw/only a diort measura of geologic time 
is neeesaary to reduce the height High mountains are therefore always 
young mountains. They may be constituted of very ancient rocks, — their 
initial uplift may have taken place at a remote date, but the great upheaval 
which i)ro(lu('e(l tlie present mountain ir' prcolofricnlh recent. The Wasatch, 
springhig iMtlUly from a base })laiu 8,U0(t feet below its jiiunacles, is a young 
range, and a» it» recent u]>liftiug has been more rajjid than that of any of 
its neighbor8» we may fairly assume that present uplift is in excess of pres- 
ent waste, and tbat tba mountain is now growing. 

BARTKQUAKB8. 

The extreme rec-eucy of the last orogenic. movements in the most 
p<^ulouB portion of Utah, and the high probability of their reconwce 
in the future, have a practical bearing as well as a scientific, for it ia now 

generally understood that earthquakes are due to |<arox\ sioal yieldingii of 

the earth's crust. ;iTi(l it is (Mjuidly well known that the (hmgers attending 
earthquakes can bo greatly diminished by pK i autiouary measures. It is 

■tiaoUcy of EMtero F«ition of tb« UlaU UoantaiiM, hj i. W. Fow*!], Wairiuii(toD, 1870, 
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indeed trae th«t the fault scarps at the base of tiie Wasatch Moantains have 
not been directly- connected with earth, trnnon, but the association of 

identical pliennraMia has been elsewhere observed. 1'lit» earthquaki^ of 
1X72, olio of the most violent ever felt in the lliut<'<l Stiiten, orij»nnnte«l in 
Owen's Vrilley, {!nlifnnnn, nml it^ on<,''iii was. nrf'oni|iiiiti(>(l hy tho Kinking 
of i*trij)s of luiid in .inch wiiy iis to jjnnluee fault .>.iaj |j.s iUentieal in their 
general features with tliose described in the prccciUuj; jKige:*. Tlie principal 
scarp follows the base of the alluvial foot slope of die Sieira Nevada, and 
has a maxunum height of about 20 ^t. Wliere this height is attahied, 
there is a companion fault scarp, 10 feet hi<rli, fuein'r in the opposite direc- 
tion, so that the n<'t «lix|»liieein<'nt is itlHiiit 10 feet. .At other ]«»iiitM tho 
main si-arp is assm iiitcil with otlu is iiiiiiiinjj; nearly jmnillel ami lacinix in 
tlte sanui direction. As 1 saw iliein, eleven ywira after tljcir fonuution, tiiey 

appeared litde fresher than some of the Wasatch scarps. 

Tito earthquake that shook Sonora and southern Arizona on tiie third 

of May, 1887, prodnced a fault scarp which was critically exaniiiu 1 hy 
Goodfellow and tract'd for a dist^inco of 3o nnles. It intersects the alluvium 
nhnig the base of a momitniTi r;ni^' or rails'*'^. ;<tid has nii avoram' In ip-ltt 
of seven feet.' Like tlie Wasatcli scarjt, it is often divided or furnished with 
branchcw, but unlike that of the Wasatch it is exceptionally small where it * 
intenects the alluvia of streams issuing from the mountains.' 

The association of earthquakes with fault scarps has likewise been 
determined in New Zealand, where McKay .-md Hector not merely refer 
cert:oti scfirps to eaiiiupiakes of tho yeniN IHls nml but recojrnizo 

tin III as rln* indices of modern slips on <dd planes of dlidocatiuu, and use 
them in tnieinjr out iiui>ortuut atructuro featurojj.'' 

It 18 lej^ititnate to infer that the bolt of fertile valleys that follows die 
western base of the great mountain range of Utah is an earthquake district, 
and tllis despite the feet that .since its first settlement in IHAO no ini|»'>rtant 
tix'mors have bit'ii recorded. It is a matter of i^eolo;j;io iiistory that tho 
Wa-satch ran<,'e is ^^■mdually rising, an<l that tins rise is not uniform in time 

'Oeorge E. OooUfcllow. The Sonora E.irtlii|ii»ke. Science, vol. tl, ]i. UU. 

*Om tli» geolojcy of t\>v eiuloni part ul' Miti I!m roiij^Ii fruviiicial (ti«tn«'U Ky AlrxaniliT MrK<ty. 
la CotonM Miw. kod 0«ol. Minrvy ot Naw ZeaiMd ; Koporta of OMlogieal •splomliwu doriag lad6. 
Flwltompp. ns-isa. AIn jMNtneatar, la mum vvJanM^ p. m*. 
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and place, but is accomplished by small and sudden displaeemieiits more or 
Im localiied, with inton'ols of reaL Of th« lengths of these intervala we 

have no nioniis of jixlgiHfr, and no one can prwlirt tlie tlate of the next 
niovomont, hut it is heyritirl ipiestion thitt snrfi movement will t;ikc jilncf, 
and tliat when it wcurs, tlie aiijacent valley will expei icuco an eartlicjuake. 
Neither is it possible to predict with great confidence what portion of tJio 
district will lie next affected, but if the orng«iic force is approximately con- 
stant and the rhytlim in it« vimble work w due to the neceemty for accumu- 
lated energy to overcomo friction, dien tfao localities with fresh fault waxpB 
may rea^ionably be as-suincd to Ix' exempt from faulting for a longer |)eri<«l 
than those hi which only ancimt fnult srniiis are seen. Rrn^jmiinti- thus, I 
was led t«» s<mnd a note of waniiuj; in .Salt Lake City, wliicli stiinds i luse 
by an exceptional section of the raiige, where the fault scarps are so ancient 
a« to be largely obliterated.^ Its situation with reference to the growing 
Wasatch is identical with that of Lone Pine with reference to die growing 
Sierra Nevada, and it is largely built of adol)p, a material ill suited to with- 
stand (Mifliqiiakc shocks. In the village of Lone Pine every house was 
thrown down by tlic shock of 1872, and 27 persons lost their livefl, — a literal 
decimation of the population.' 

The relation of joints to the eartibquakee of the Bonneville Basin is 
discussed in the closing jMiragraphs of Cliapter V. 

BTIDBKCE VBOX SOOBV-LnraS. 
KSAeURBMBNTB. 

The inst precise determination of the he^fat of the Bonneville shora- 

line above the modem lake was made by the Wheeh-r Survey in 1H72, a 
lin<' of levels being run froiu (?reat Salt l>iike to the old w;ttcr mark against 
the Wasatch range near Koit Oouglas. In the same year Howell of that 
corps observed the barometer on what was su]>poBed to be tlie same shore- 
line at various points in the soutliem part of the E^alante Desert Tite 

•Tbawaralng wM«nibm)i(>d in » lelirr to tbe Salt Lak« Vitjr TrflMim if 8B|il«MlierS0, leSU, 
ftitnwkfd rapriiited In tlm Anerioiu Joamml of SrimiM^ ad mtIm, t»I. S7, Jmnuj, iHM, pp. 4a-Gl. 

*I qoftla tlww Rgnn* Ann J. D. WkHiNV, wlio vlattMl Owen's Vallqr ■ feir irwka atttr tlw 
•bMk «Bd pvMMlMil m axtiM and highly valoaU* dotrripilmi «f the phMtMiena. "Tb« 0«n'« Tal- 
bj Eaiihqaahe", OvcriuA lloBtfalr, 9, WH, yp. ia»-140 aa4 SIW-8»L 
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altitade* deduced from hU obsen'ations were nbout 300 feot Iiigher than 
tbe altitude at Fort Douglas. Unfortunately, the harometric result van 
not entitled to great coniidencei fio tliat only a presumption of difference of 

altituilc was (•stiililislKnl; Imt tliis piTsum]»Hon gave rise to two hypotheH<-s, 
wliifh iM>rv«»(l ill tttrn to ilin ( t snbKi-ijueiit invt'Hlijriition. It wns siiniiiHtMl 
by Ilow«'ll atid tiio writor t1i:it < lian^'fs Tiiifr^tt Inu e otH iirrotl, siiicif the ejuu-li 
of the sUoro-liiie,' in tlio actaal and rehitivt- ahitude^i of tlio dirtcrent points 
measured, and it was sttggeeted by King that die shore-line in the Eeca- 
lante liasin might be found to belong to an nidependent lake, Idj^er than 
Lake lionneville and tril>utary to it* 

Kiii},^')* suggestion led to a careful exanilTiation of tlie strait connecting 
Escahmte Biiy witli tlie Sovier Imdv of th»' f>Id lake, juid to the deternnna- 
tion tluit it did not contain a river channel, but was occupied by standing 
water with an approximate depth of 60 feet, and a width at the mo»t con- 
stricted point of about 2 miles. As will appear in a subsequent paragra]>h, 
the synckronism of die Escalante ehore4ine with the Bonneville shors'line 
of tlie more nortlierly basin hsi» not been esta1)Iii4hed, though tlie obHorvation 
at tbe strait miderti it clear tlmt iln- lM»dy of water fK-cnpviiip thr- P'^^ca- 
lante Desert was continuouii witli a body of water iu the deeper bafiiuii at 
tiic north. 

The idea that duu^ies in altitude Imto supervened smee die production 
of the Bonneville shore-line, opened a most attractive field of investigation, 
for it seemed possible by moa«uring the height of the old Hhore-lines at many 
points to obtain definite knowledge of the amount and distribution of the 

posf-Bonneville (lisplaccint iiis of tin- cnrth's mist in the lake area. Earlier 
qiiantitiitivc studies of Jipiieinnl and subsidence had be<>n practically 
restricted to the «ea coast, lK;cause tliere the ocean affords a datum ])lano 
for measurement; but here was an <qiportun!ty to pursue similar inquiries 
in an interior district 

In subsequent work every opjKirtunify was improved for the deter- 
mination of the present height of the i-econls of its water suHace. M*-as- 
urements were made with the «'nLnne» r's level at pdintp ^\ bf>!v the water of 
Great Salt Lake c«»nld be convejiiently us«h1 as a dauim platic, and other 

*8»r««y w«*t of the IOO(b meridlnu, vol. .1, p. 93. <ti«ol. Expl. 4Utb parallel, vol. I, p. 491. 
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m«a«ur«menU urbere the flune purpose wa« «erv«d by points on ntUroada. 

At a few points Locke'^ hand level niounti-d on a Jacob'* »tniX was the 
instnnncnt used, and at other {><)int.s triiui<,ailalii)ii was rnijdovi'd with nicim- 
ured ])a.sf^ linos. In hotiip Tf'jri<»n8 remote tr«iiii <^nnA points of reference, 
uud c'sj)e(iiilly in tiie Ksenlaute Desert, tlie liaroniettr wji» employed. 
Spirit-level detenninationB mado, not only of the height of the Uonno- 
ville sliore-liue, but of tlie I^va The local difference between tlie two 
was also meaaured at some potntM where neither (ould bo refoiied to Great 
Salt Lake. For the pmpoees ci the investigation tlic ultititdeM of tlieee 
various joints :dH»ve the sea aro iniinijiorlant, siiu-e m\]v their rc-lafimi*; to 
one another ean bo discussed, and it has Ix-cn IViuimI < <im\ cnieiit 1i» n ler 
them all to the water suriaee ol Gi"eut Suit Lake; and sinee tliat xurtaeo ia a 
fluctuating one, n {Mirticulax point has been arbitrarily assumed witliin the 
range cS modem fluctuation. That point i» the aero of die "Lake Shore" 
gauge. As the rdation of the altitudes to sea level will T)ot be again refers 
re<l to, it is ])ro|M'r to s!iv here tliat tho zero of tlio "Lake Shore" gauge 
is 05 feet Inwer t1t!in tlif track ni' the I'aeiiie Kaih-oaii at Optlcn, and -1.'_'08 
feet liigher than mean tide, i'he implied altitude of Oj^deii, 4,303 leet, is 
that accepted by Gannett in his dictionary of altitudes.* 

As the various measurements cni])loying the water <tf Great Salt Lnke 
as a datum were executed on dilferent days and in diflerent years, it was 
neccs.sarv to take a<'count of the fluctuations of the lake surface, and this 
was done }>y means of the series of gauge observations already described 
(see page 233). 

A more important dithculty was encountere*! in coiuiectiug the lines of 
levying witli the plane of the old water surfiice, ftH* it was never powible 
to decide just how the mean level of the old water surface was related to a 
particular feature of its shore record. At some places the measurement 
was made to a cut-terrace, and at others to an embankment, and wherever 
both these were fntnid in juxta])osition and measnivd, it wns ascertained 
tli.it till' ciiiliankiiu'iit st<M)d hitdtor than any part of the cut-t(>n;i( ('. It 
was found, nioreowr, tliat tlu,^ ditlerence between tlu so two featuiiH was 

■A Dictionary of Altitiuleb iu lha U»ilv«l Slalea, iwiupiled hj Henry Uiuiijutt: fiull. V. S. livul. 
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le«ti in sheltered localitie» than on coasts hidng the open lake, where tlio 
fetch of the waves was great. The uiference of tlte plane of the water 
tinrfaoe dmwn from tho local iilMire record wum thm luM-^-^isnrily u matter of 
jiuljrinoiit, ami tliis juiljjmoiif wns iisijally fxercisi-rl u|mim tlic jfround, wlioiu 
tlic iiKKt ^atHfiirtory ooiisidoration (•♦mid Ik- jfivcii t<> tlif local mnditioiis. 
Dfsj)itt> all precnutiom*, nil uiUHirtiuuty of several leer attaches tr» each such 
determiuatiou, and tins unc^^nty is mcluded m ilie estimation of tho 
prohable errors of the measurements of altitude.. 

Most of tho barometric observations and all the barometric eoraputa- 
ti«»!is wife ina<le l>y .Mr. A. L. Webster. He has al«o combined, umfied, 
au<l taliiilatt <1 tlu' 'Ii ti i niiimfidnH of altittidc, mid ha.s j»n'|Kired a report 
ii|j(m tlifiii ;(|)|>i';irs ( .\|>|;<'n(lix \) at the end ot this voluiue. For all 
luattei-s of tiftail tin- ri'iiicnl )■ Icr i^ rctei-tcd to Ins n>|)ort. 

DEFORMATION OF THE BONNEVILLE SHORE-LINE. 

A Hlimmarv of tlic measun-iiient."* is emifnitUMl in tables Xlll, XIV, 
aiul XV, ami their {reo;rra|>liieal distribution is iu<li«"ated to the eye in I'ls. 
XLVI, XLVIl and XLVIIL Atteutiou will first be dbected to the table 
and plate which exhibit the measured altitudes of tlie highest water line. 

Tasis XllL—Beisht <>/ (A« BtmiOlt Wmt-liM. «f vaHon* ppi»u, alwr* Srmt SaU Lakt (gtn «f "Ml 



!». 
I«. 
II. 

u. 



H«>(kt. 



Fret. 

908 5 
904 I 10 

IM'H. I 1 
!M0 la 



Snntcqain, math of Uuh Lato 

LamlDgton, U. Sb K. X ...» 

MilAnd, 1'. a R, R .... „^ .. 

Kr.| n.; \. I'.liM, nnrtli nidof CMbeVallqr 

Kruukllu, L'acbe VHllry 

LoRan, CMsheVtillqr j 9«±4 

I'oint of tho MonnUiu; 93 mtteii matll of Salt Lake City I 9IH> J; 9 

Ogilen OW) !_ 3 

Kort DoukIiwi, UMir Silt hOu City j im ^ & 

Tecoma, Kermim Ml ^& 

Willart, mat alMra af Onat Salt Lak* ' M6 J: 3 

IllaekJlopk, north .'ImJ of Orinirrti n.i. , KKW^ ;t 



StocktuB, bead of Too*l(« Valley. ..■ 

KeUon B«tt«, MarOnibaSutfaa. C.V.K.B.. 



lOU i 5 
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Tabu XIII.— JMfU^O* AnilWiile Shor«.l(»e. at ranow yoinU, aiMt OrmtStlt U>t{3SWQ^f" 

Siart" f •*^>— CoiiUoued. 



I. 'i I'rii[ri:>ti;nr\ , in iiiili'f of I'rnmnniDry *tutif'!i, ('. V. H. R.. 
Iti. North fud of Aiiui raugi'; la itiilrn iiurlbweHi uf Crautaville 

17. Two ntlw CM* of TlwnHM Spriaff, baalaato t)mut, 

l4l. Fkvaiit BiitMk'SwierDMirt 

n. iStrwu ntlraMmth of IKIforA 

■•JO. Konr uiil«'» BOHth iif TlM-rino-. Si.ntii;, K-c:»hiuii' I><>acrt 

21. tirvcn mil«««ontli ot Tlirnuoa Spring, £«ciiliu)l« l>eMin 

II. FlllaiMWt cMt mI(* «f toviwF Dmw( 

MX Sontb Twin IVak, suiitll ood of 8«vier Dtaett... 

24. Kaniihli Butte, tiouth eud of flvTicr Dcwrl. ............. ......... 

'i:>. North Twill Prak, •outli vnd of Snrii r DnwI 

SiS. Autelope Spriog, Eaciilaato OMart. 

97. Salplmr Sfiriirir. EiteaUiito P i mmI .. 

2e. rin»i>CMi>.ni. K'.caUiite Dcaprt 

•J9. Sbool Crrvk CanjoD, Enealiuite Uewrt. 

ao. lIciMtow Cmk Caaymn, bBalanta Daiart 



HMgbt. 



tn-riO 4: 3 

902^ 15 
tK.'l J. JO 

fltVl ± 15 
'J7I ± iO 

j:» 

nr.- 1 X, 
i*>7 J. ;c. 



It apjiears by in»|>cction that the range of ultitiule is about 3oO feet, 
tlio (ietonninatioii of tlie amount having^ an uncertainty of Ions thnn F)0 feet. 
Tlie distribution of altitudes d<H's not ft>llow any simple law, but yet exhib- 
its cortiiiu general features. There apiwar to be two areas in which the 
water nark i» especially higli, the first coineiding appro.ximately with iJie 
central meridian of Great Salt Lolte, and tlie second occupying' tbo Ebcbp 
lante Desert, especially its sotttlieni portion. Along the eastern bordor 
the basin, i'luxn fhe o.vti-eme north to the e.xtrenie south, there Ls ;i tr^'neral 
iiit'n ii--c lit' {iltitihlc fn>m east to west. At the south this 'i-n l uiiiiiiin-il \\\ -t- 
wanl to ilie limit of the area covered by the «»b.M'rvations, and is gn-afly 
accented. At the north, where tlie olwervationK iiave the greateitt range in 
longitude, die westward rise t« repl>iee<l licyoud the Pronunitory Range by 
a w«atward decline. It appears, moreover, that to all these general rules 
there are loeal exeeptious, and that where u rise in a certain direction is 
coiitiiHiousI y indicated by a series oi' localities, its rate from point to point 
is not uuiform. 
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A comparison ul ihe raeasiireU Leiglit» of shore-lino with tiio system of 
fkulta in tlie tame reg-ion indicates in generol that th«y are not clo^cly 
related, and in particnljtr that the faults cannot be appealed to as a nafR- 

cieiit cxphiiiiitioii «>f the (hHpliicciiieiit.s of tin slion -llne. A {jcmxI illiistra- 
tidii rif this is fituiul ill tlie Ijititnde »>f Salt Lsiki- City, where the h<'i<.'ht of 
the fihorc-liiic hfts hj't-ii measured on thn-e iuljaeeiit paraUel raii<,'es. On tlte 
\Va.sat« h it is i>H«> ft et, on thf (>(|iiinli 1,008 feet, aiwl on the Aqiii 1,070 
feet Now eueh uf the«>o runjreti hm suffered a jHwt-BonneviUe faulting at 
ita western niai^gin, as repreiiented in Fig. 49, and the throw of each fault is 
to the west llm effect of these faults, if there were no odier ^aatrophie 
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FlC- 4*. -(JeoeTMl ri**! K M."-i |iriHll'' "f riiMiii^lalll* «I»J valU-v « illuNliitlin:; |>n^t-IVn»«»Till* llijwlTl"!'' '!i.iti;:i H Wf. 

llMi *t*l* gnMlf •U|i|(<iniU<l. Lswrr burUoiiUl Um ■ Isral of Urval SoUl Lak«. IMtad Ubo = l.MO r<i'i alioTe iinml 
MtUtk*. Fr«a BdBMillliihaM-Ua*. 

ehan-res, woultl be t<t lift tlu' \V;LsatcI> higher -tlian the Oquiirli, »n<l both 
hijrher than the Aijui, hut the shoiv measurements sliow tlie n vcm' <>f this. 
If we assinne tlint the jvortinn nf tlte i nrth's ciii^t iiu liidcd Ijetween eaeli 
jiair of the observed faults is liyi*^! ••«> t<» niove as a unit witliout flexure, 
then tlie post-Bonnoville changes determined by the observations on feults 
and sliore-linett are correctly represented (excqit in exaggeration of vertical 
s«!a]e) in fig. SO, where the bajso Utie iudicatcA the k>vcl of Great Salt Lake, 



w 



rvx. m^Vbymt Htmt llipiwTBlB<MlK|iM»«fc«im^ l(H«NM=b*<(«ranMflM»bk*i IMiMed ]Im> -'«rie 

A>)iii, cif^iilrrli Kui ff 1fill(w 

flic duttt d liiM> ]):iralh'1 fo it represents the orit^in:il liorizoii of tlie Bonnexnlle 
akorc-liuo, assumed to bu marked iu some way on the orogeiiic bIt>(;Jt, aud 
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the doping lines repreMot pmition the ihore-line has ummed by dias- 
trophic clian^'es since the Itouneville I'piH-h. 'Hic iiulication in thut each 
orogeuic block is cuntwl to the eastward (right), and that each bh>ck ron- 
sidt'O'd as a whdle stands hif/^her than its cjistcrn neighbor, notnitlistaiuling 
its rehitivo de])re.ssion idoug tim pUuiu of contact If tlic phenomena of this 
group of localities were general, we fihoiild have an exoeediugly interesting 
relation between thflegeneral deformation of the shore-line and the system 
of faults; but they are not general, and we can only say tliat the prindpal 
diversities of !<ltori-niie uMtude iipjx.iu' to be independent of, and oAen in 
-jiiti ol", CM uiirt by fiiiiltinj;. The changes revojded by tlie tnefiMnreinent 
t>\' -^horc-linLs iiti'cof 1;ri.;Hl ureas, and are essentially epeirogenic, while those 
<[i. uionstnited by the fault scarps are definitely as^ciated with mountain 
ranges, and are orogmie. The shwe-linee are indeed deformed by bodi sys- 
tems of disturbance, but tlie epeirogenic are Hm gieatn*. Just as tfie Great 
Basin is characterized by broacl epeirogenic undulations, (Sviding it into a 
series of >ninor basins, and by relatively narrow mountain c<irrug3iti<»ns, 
%vlii( h R'st upon the broader uudulntions like rijtples on the (»cean wave, so I 
conciuve the post-IJouneville epeirtigeuic displacements to be the grtniter of 
the features represented by tlie defonnation of the shore-lines, tuid tiie ero- 
genic displacements to combine with tliem as local details or irregularities. 

It would be desirable from this point of view to elhuuiate the orogenic 
factor and study the epirogenic changes by themselves, but our knowledge 
of the fault system is t<n> impcrr( ct to permit this, and it will therefon^ lie 
assume*l. somew hat arbitrarily, thut tin* ppirngenic undulations ai*e smoother 
and sunpler than the measurements woidd indicate, the up|)arent iiTegular- 
ities being duo to local fiiulting as well as to errors of measurement On 
the basis of this assumption vwigrammic lines have been drawn on Plate 
XLV1, connecting, so far m jmstble, points at which tlie Bonneville shore- 
line has now the 8ame altitude. They are <lr«wn at equal intervals of 100 
fvi't, and servo to ex])ress in another way the general features of distribu- 
tion of altitude described above. If we conceive of the plane of the ancient 
water surface, botli actual and ideally projectetl through the contiguous 
land, as having been deformed by snhaetpient e}>eirogemc dianges, then 
these linea are contours on the d^ormed surfikoe. 
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It betin uifitly iwsijiiH'd up to tliis j)oiiit tliaf all tliosp moasureinciitH 
of tho Boimeville sliore-Iinc relate to tlie same wpocli, <(r, in other wonls, that 
the various Bections of the highest sliore raark in all |)art8 of tho biwin were 
fonned at the same time; but in view of die demonstrated mutabinty of the 
lanil surface on wluob tlie water marks aif tr:i< • '1, tltis a.seiuniptioa i.s inaili- . 
fcsriv open to c[Uet<tiou. It mav r\«'ll liavt- happened that nt onv, hi*;!! stajije 
(if w.iti T in tlic basin the niaximnni water liin* was seoriMl n|>on a lauf! •^tiH'acc 
iu one attitude, Hud at the Iblluwuig high ttUige upuu the saiue land siiiiaee 
. in » diderent ottttwle, and that the two water linen severally rescbed th«r 
greatest heights on the land at different pointH. Hie Ingliost water line in 
one part of tlie area would tlien retwet^ent one Hood stage and elsewhere the 
otlx r, >o that the niaxiinntn 1in<; as a whole would not be synclirontnis. It 
ini;^lit aUi) hajipen that durinir tlie niniiifennnee of" i>ne hifjh sta<;e chanii^es 
would occur in the relative liei}>lit ot' tliiierent portions of the land, causing 
»uniu pails to emerge and «»thers to become more deeply submerged. Tlus 
also would produce a lack of synchronism in tlie highest shore-line. The 
questions arising from these possibilities must in general be difficult of 
solution, but iu the case of tbe Botu»evillo sh(»re-linc wo fortunately have a 
test f>f wiili' ;i]i])li( ;ition. The rfadcr u ill recall that in the detailed ncftmnt 
of the shore then- wi ii dc-scrdM'^d a mimbcr of series of bars dirtt rint; li\ a 
few feet in height, and demonstrating that just previous to the establish- 
ment of the outlet the lake sur&ce had uudei^gouo a corresponding scries of 
oscillations. A comparative study of tliose systems of ban showed that the 
oseillatious had been essentially the same at all localiticH, and it ik thus 
known that throughout the area of their occurrence the shure-line belongs 
t" rlic sMMie Iti'^li-wnti r stn^'i-. The demonstration applie s in tlie entire 
IU aiu btnly ol tiie lake and its principal dcpcnd^-ncies, and to tiie Sevier 
b«>dy luid IVeuss Bay, but it does not apply U> Kscahmte Bay. The niost 
Houtlierly points at which the iH-culutr bar sj-Mtem was obxerved lie in 
btitude 88^ 40'. Hie lack of positi%*e (Uta in the region of the EsrAlaiite 
Des4>rt is not of great Bigiii1i<'!»nce, for npiiortunities for observing this sjie- 
cial feature are everywliere ran-, and there wouhl be no n-asun for giving 
special consideration to that n-gion in this conne< ftoii, were it not that tho 
(UiiplactimeutH there exhibited are of exceptional nmgnitude. The crowd- 
XOll 1 —84 
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mg together of the contonn i^defonnatioii in diat region Buggosts that the 
epeirogenic forces may there luive had a loi^^er period for tlie accnmulation 
of their resnltB) and naiaea the question whether tiie Esealante Desert may 

not have received an arm of the lake during its firnt |)erio<l of flood, iiiid 
thotv htxvi- h<>('n ho «rT<*at1\ clox-nte'rl a« to r^niain dry durinf^ the jx'riod <4' 
tlie 81'cojul tlou<i. riie only e\idc*iK"e tliat ciui be brought to Ixnir upon 
this question without new field work is obtained by comparuig the Ejwahinte 
ahore reoord, aa to etate of preservation and strength, with the reoordB in 
other valleys of similar character. Mr. Howell and Mr. Wehster, who were 
tlie < Iiicf ol>srr\ er8 of the Eaoalante shore, Iwth reiMtrt it us faint and diffi- 
cult of" detemunati<in, and niy own obsen'ations, limited to ti few loenlitiee 
(itily, confirm their n'jmrt. The best region for eotnparison in Snake Valley, 
where, as in the Esealante Desert, the bay wsis shallow as well as narrow, 
and judging from my owu ob!<ervation», tliti Suoku liuy shore record in 
notaUy more oonspicuous than that of Bscalante Bay. 

In view oi these oonuderatzona the Escalante data will be disregarded 
in ihB subsequent discussion of the defonnation of the Bonneville shora 
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XIT.— ffW^K 0/ itt fruio A»n4lme, at 9»H»iupoi»t*, aftoM0r«rf SWt £«l!« (2^ of " MtMot" 



1. White Mountain uprillg, «MlaM««f Bwltt 

«. FmttkUn.Caoli<<Vii1l<r 

9. hogKB, CmIm ▼■liar 

4. Pohit of iLi: Mountain: '^J inil'M i ■ ■ i ' 1i irf llllt IjIm CHjf 

5. Wlllnnl, eiwt Khnro of Gf^nt 4at^ Lake ....................... 

e. Blaok Bu«k, mrtk end of Oqnink Mmgt 

7. Tmle Talhf MumbTumI* Md aMktM 

a KtiHaB Battai, iiMrOiiilMitotk«, C. P. R. R 

9. Pramoctory, 10 milfvi H/iiith u( PrMinnritory Kt»tiun, C. P. R. R 
to. Kortb sod of Aqoi Bmj[c ; 12 inil«i> northwesl of tinuitaTille 



Halfbt. 



F«rt. 

Ut3 + 10 

577 ± 

r.f-0 4- 

•»± 

C40 4- 
672 ± 
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OBFOftMATIOH OF THB PROVO SHORB-LINI. 

We will WW turn to the consideration of Table XIV and PI. XLVII, 

whicli rrcnrd in their several \vi\y^ tln^ \ ;irions dotormiiintions of tlie liei{;;^ht 
of the Prt>vo shore-line. The s|R><'ial critninK ])y which thi- idi nfity mul 
sviK'hrnnii^rn of the. Hniiiu-ville ^horo-linc were established throughnut ilie 
greater part of the biwiu catmot be applied iu the case of the Provo. 
Where the embaiikmentB sncceMively fonned during Provo time are sepa- 
rated from one anoAer so aa to be independently meaottred, they exhibit 
dilfinences of iii'i>xlit, but the»c dilTerences are n<Hthei"unifnnii nor (-mistant 
at the various localities where they wore obaerved. Tlic conclusion has 
already he<'» rciu lu d (pa^'c 133) that there were chanfjps of relative height 
while the wave record was being made. Nevertheless, it was always easy 
to recognize the I^vo shore-line and discriminate it from others by reason 
of the exceptional magnitude of the wave work aoeompUshed al that level 
The cut terraces are broader than any oiher within the basin, and the 
embankments are larger. At most points it is impossible to determine from 
the featurt's of the slun-o. wlmt wji** tht- local history of o-^cillntion during the 
persistence of the outli t, fin- the later work of tliti waves hsis effectually 
obliterated the earlier. It is highly probable that those of its features to 
which measurement was cixtended represent the final portion of lit» long 
period during whidi thb water stood at approximately the same hoiglit. 

The number of measurements is smaller than in the case of die Bonne- 
ville shore-line, only 10 having been secun^d; hut those are so nuich more 
harmonious that it was fmnid possible to draw a svstcni of sniootli contours 
repnwiiting intervals of fnt only. A compatisoii ot I Ms. Xi.VI and 
XLVIl shows at a glance that tlu'se correspond iu |K>sition and arrange- 
ment with the contours adjusted to the Bonne^Ue data in lAne same area. 
The area of maximum elevation indicated by them lies over the western 
portion c£ Great Salt LsJce. There b a descent thence to the east, and 
more gently to the .southwest and south, while a nugle station indicates 
descent to the northwest also. 
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Localit7. 



I'ronn Tiilley, Booth (i«ri4-« nf cmUniikmrnls ................... 

PteoM vjUley, Middle Mrirt orenibkiikiiivnU ........ 

Kaldu Bnltak "mt ObIm 6uliaa,C. P. K.K 

MMk Bo«k, Mitli «d or Oi|nlnrh Bug* 

WHUrd, rant nbore of Grpjit Salt Lake 

StMwsvilla, nortb adf« uf Orcal Salt Lak« Itaawt.. ............ 

Logms, Caeto Tslkr , 

FtolDt «r the llomiiBiii. 23 miln «autli ofltolt L«ke City 

Pranklin. CMhe Vallnjr 

PromoDlnrjr, 10 milcm M>utli of rnimonlory SiMiMI, C> P. It. ll. 

Taa«l« Vall«9 IwtwcM ToMla woA Stocktoo 

Tooato ytMtf 1wt«wa Tooal* rad OiaDtarills 

WVllBvilki, CacboVslloy 

Kinli i^prinfi, nontb *due of Oivat Salt l^ku Dcm ri 

Fillniorv, coat edRe of fivvii-r Dewrl 

Nortb end of Aqal BMtg«{ IS ailM nortbwMl «f GniiUvillo . .. 

Oiip Bfltle, Old SiTar Bad 

Snowi.low, Ol.l Rivi-r Bod 

Tcmoe Mts., h tnlloa mutlitwat nf M»Uln Station, C. P. R. R . . 
Dwro Ciwik, botwaan Kwtliii wd Onho, a P. B. ft 



H»i{ht. 

Fat. 
311:^8 

3Wt i- 3 



370 J-H 

371 J- 2 
374 J_ :j 
374^:3 

3aiJ:« 

385 -1 M 
3094:3 
411^:3 



DBPOBMATION SUBIHtll THB PROVO EPOCH. 

Tabic XV and I'l. XLVIII .sliow the meaaumi (liiTcrciu-os in altitude 
of till' l?i>inievi!li' imd I'nivo slunc-liiics at vnr?f>n« |MiintK. The localitit-s at 
wliifh tliese clirioreiitt s w ere lufUHurt'd c*tin«-i<le partly with Im-alitifs <)f tlio 
two preceding tables, but un- al.>io in jjurt independent; for it wsis HonietiiueH 
ftnuid {Nmnble to nitike the differential mewtnronieiil wli«re the lark wf an 
available datum point prevented the reference of either to -the level of 
Great Salt Lake. 

The range of variation is tn)t large, and whatever onler may eluurac- 
terizc them is si> far (■niici alt d by irregularitit-s that if was fmiiid iiti[>iissibh' 
to eiaKHity tlietn iiy any sy.stein of Hinooth eonlours. lJut, iw w ill |>res«'iitly 
appeal', when they are classifiod with reforeuco to tho contours of thu liou- 
uevillo and Provo (thore-linM, they betray a certain amount of liarmony. 

It will be recalled ^at when the lake attained itv maximum height and 
outflowed, the water was dischai;ged with great rapidity down to die level 
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of the Provo shoro, nt which level the lake stood for a relatiyely long time. 
This timo may hiivc Ix'tni coittinuuus or may have been more or less inter- 
nipti il hv tlio tcinpornrv retreat of the water to lower levels. Incliuling 
Bueh interruptions, it any occurred, it has been called tite Provo epoch. 
The table and luai) of differences between the Bonneville and Provo shore- 
lines rei>re8ont the clianges of altitude occurring in Provo time, or from the 
end of the epoch of the Bonnevine shore'lme to the end of tlie Pkx}vo epoth. 
The differences «»f level of the Provo shore-line represent changes wrought 
since the end of the Provo epo<-h, and those of tike Bonneville shore-line 
chtuiges Miiiee the bej^iimiiig uf the epoch of uutHow. 

POSTULATB AS TO CAUSB OF DBVOHMATIOH. 

The area of maximum elevation, a» indteated by tiiese data from the 

Boiuievillo and Provo shoic-liites, coinciiles with die middle porti«>n of the 
main bmly of Lake HiMiiifville; and thin coiiindenro !«u<,^8t^ the hv]K>tlicst!t 
tiiat the disappearance of ilio lake and the epeirof^Miic rij^e of thi> < ciilt i of 
its basin stand in the relation of cause and ellect. In the ensuing discussion 
this relation will be poetnlated, though it must be dearly understood tliat 
the available data do not demonstrate it» but merely endow it with a eertain 
degree of probability; and since a somewhat elaborate structure will be 
founded upon it, it is especially desiralile that ttie weakness as well as the 
strength of the jxtstnlate be clearly jK'rceivtMl 

The po8tulute 'm iu some seiise grapiiicaily expressed by PI. L, where 
die contour linea of Ae preceding plates are so modified as to make closed 
curves repiresenting a dome-like figure of deformation, slightly elongated in 
the direction of tlie axb of the lake. The data used in the construction of 
this system of lines are selected from the measurements of the Bonnevillo 
shore-line, excluding nil that dejK'nd npnn bnromptric work — a principle of 
selection which omit.s all measurements witii high probable error, as well as 
tliOHCf made in the Escalante Desert, which arc iude}>eudently questiouublu. 

The first consideration fiivoring the postulate is the one just mentioned, 
that, so fiir as trustworthy mesaurements indicate, the area of maximum 
uplift coincides with the center of the prindpal area of deep water in the 
old lake. 
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A seeottd (avorable coarideration ariMs from a comiNunaon of the chaagn 
occurring advemlly during die Ftovo epoch and since the Provo epoch with 
the total changes dnoe the fonnation of the Bonne\ illo shore-line. To make 
tills I'oiuparisoii, iho Vi»ri(»u.s measurements wen' ( lasslficd ^\ ith n-feii*iiee to 
areas marked t>ut by the liy]>ot!ietic rnntnurs. In Talile X\ I, tlie eoluimi 
of figiu-es at Uiu right cuuUiins rneasuremeiits of the lieight of each nhore- 
liiie and of tlieir ^fference, lo far as these were measured within die aj«a 
cirewnscribed by the 1050-foot contour. The next column at tlie left con- 
tiuns the measurenienis made at localities fnlliii<^ witliin the area limited on 
one side by that contour and on the other by the 1000-foot oontotir; and 
so for the remaining two oolomus. 
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By arranging the determinations in 1Mb way and then taking means, 
it was hoped to eliminate so much of the irregulsjrity due to orogeutc dia- 
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pla««iiuat and to errors of m«i«arement as to rend«r th« data foirly com- 
parable. Tlic tnensmx'ini nts of tlie Boimdvitk Bbord-Um Iiaving been used 

as ii basin for thtiwiiig the fontiiurs, tlicir irn'sms, as a nmttor of roiirse, 
miistitute a series; anil it was imtiriputi-d tliat tlie Provu ili'icnuiiiations, 
baviug giveu rist? on I'l. XLVIl to very similar contours, wouiti likuwisiu 
fumnh, aa they do, u ^)rogres8ive aeries of means; bnt a similar corre- 
spondence could not have been confidently predicted for the obMrvatloua 
of difference in altitude of the two shores, for these are so iiTegular in detail 
that representative contours ctmhJ not be drawn. Nevettlu lrss, tlieir means 
ais tliHH riassificd fill into liiu' witli i<'jnarkfil>!e n'triilarity. It apju'iii-s to 
be a legitimate infereuec tJiat the cpeirogenic dcfonnutiou occuiTing duiing 
the Provo epoch was identical in locus and gen«!al character widi that 
occurring subseqnentiyp and with the total deformation of which it is a part; 
and tins accords witit the postukte, for if the withdrawal of Ihe entire mass 
of water produced the (jufiquavcisal uparching of the bnsiii, tlicii tlir par- 
Hal cmiityinp; of the basin by tiie dt aiiiing' off throii^Wj the outlet of a layer 
ol water Hit feet deep stiould pruducc a siuulor upard4,ug, diiferiug only 
in amount 

Opposed to die postulate, we have the general fact that the Ohreat 
Basin appears to have been characterised by epeirogeuic movements, varied 
in character, through Tertiary and Pleistocene tinu- and tliat as these move- 
ments suece-jsi\c]y cn/atcd and destroyed lake l)asiiis, tlicv must be sup!- 
posed to liave generally ori^riiiated in a ditleixait way. It is therefore jn>s- 
sible tliat the coincidence in time and place of the uplift under coutiidei'ntion 
with the lUsappearance oS Lake Bonneville is a coinddence merely. 

A second and very serious element of weakness in die postulate 
inheres in the fact that the obsen ations are maiidy confined to the eastom 
half nf the basin. Oidy two points of ol>servation lie west of the max- 
iriiiiiii area, and only one measurement was made in tlio cxtrfnie \vest«'rn 
portion of tho baiiiu. The area well covereil by j)oinfs of determination is 
at most not mora than two-thirds of the eutiro area to which tlie poDtuIste 
is applied. 

Tliese considerations pro and con hardly admit of explicit summation. 
The predilections of each geological reader will determine the relative 
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weight lie asnigus to tht'iii, uiid his «-otigeqiiettt con6deDce or lack of confi- 
deWM in tim couulusiom which follow. 

There are at least three ways in wliicJi the removal of the water may 

have givi'ii rise to the ohserved variation of" altitiuloa. First, the geoid may 
liave been hx ally (lefornunl by a change iit the loenl attnictioii; secoiul, 
the snrfaee of" thf ]{ti\<\ may have been «leforine<l by local expansion due to 
the |>ost-lJi>auevilk' cliangt' of climate; thini, the earth itself niav have been 
looally deformed In coiwequenco of the removal of the weight of tho water. 
These tliree hypotheses will be contndered in order; and it will be found 
advantageous to inquire wiilt refereiioe to each how the defonnation it is 
COm|)etent to produce cotnpares in amount with the observed deformation. 
Tlie maxinunn nieasun* df iIk* obsen'od deformation is 1070 — IlO-irzKIH 
feet; but as this n»a}", and probably does, involve local oro<reiijc displace- 
meuts, it will be better to lUic for the present purpose u jueiisuro ubtaiued 
by comparing a number of the highest measiirem^ta collectively witli a 
number of the lowest Tho mean of the five obeervattons of lieight iailiiig 
within the l()()0-foot contour is 1032 feet. The mean of the four lowest 
determinations is i)03 feet, and their diffcicim', 12!) feet, will bt^ r>ompajred 
with the various aiuounta inferable from tho three hypothetic cuuiioit. 

HYPOTKBaiS OP OBOIDAL DBFORMATION. 

Tho snrfooe of a body of standing water is level, but is not plane. 
Being a part of the sur&oe of die eardif it is approximately ellipscndal If 
there wore no ineqaaltties of surface, and tho density of the eaitli wer^ uni- 
form throughout, or varied only in acnudan(re with certain laws, a lt \el 
Hni-fiU'c carric'd eompletelv nr<»mi«l rlu- globe would be a jHM-tVct «'lli])suiil. 
The actual inequalities of surface and irregularities of density produce htcal 
imgularitjes of attractlim and corresponding iiTogularitkH of die level sur- 
faco. To distinguish the d^ormed level eurfiioe from the spheroid to wludi 
it approximates it is called the *'ge(»id". Any change in the superficial dis- 
tribution of matter modifies the geoid, and the removal of the lake water 
from the Hi>nrioville B;\m\ wna such a change. The effect of refillinf^' the 
bajiin would 1k> to increase tho local attraction autd locally uparch the geoidal 
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tur&Ct*; ItH etnptyin<; unquestionably tended to flatten tho nr(>oidjil flurfiice. 
AKsuiniufr the confiffiiratiou of thi* country uncliunjifecl, the HonnevHle Mur- 
f>ic«' was num' sliarply convex than the Salt I«ike HuH'ace, and the (ni{rine«"r's 
level .should now fin<l thu Utuuiuvillo »lioru-liiie higher uu central isluiuU 
tfian oil iR^riplienil ^lupeti. Tho theoratiiG chnnge oorraspondii in kind witli 
the olmen'ed; doen it ngreo in amount? My mathematical resources not 
being adequate to this queMtioii* it was itabmitted to my colleague, Mr. R 
8. VVo«Mlward, who fjave it full consideration. It liappcuod tllftt tho COgnate 
proldeni of the deformntimi nf tlu' ^•■i nifl l>v a continental ic«f hihkh wnn «ul>- 
niitted Ui him at atxnit the* muuc time hv Dr. T. C. Chaniberlin, and he 
wiiH thus led to a aauprehen^ive discussion of the general subject to whicli 
tho Rpecial jMroblema belong. In the application of his formulie to the 
(ireBent case no aceouut wa» taken of topographie details, but tho maw of 
water in the main body of I/ik<^ Hounevillu wa8 a-sxiuned to have the form 
(tf a circiiliii tuo de;^rees (1 niili'>) in diameter with a m:iximuni 

dfjitli ot IDOU tei't. It wjus t'ound that tlie ni.iximtiin <l<-j)ri'>>inii of tlic 
•^'oidal surface ix*fcrablo to tliu subtraction uf sucli a niass is 2.0 i fei>t, an 
amount too small to be considered in comparison with the observed deformac 
tion of 129 feet The phenomena are therefore not to be explained as 
chan<^'s in the plane of reference, but must bo referred to chaoges in the 
relative altitude of portions of tho basin. 

The reader will Piiul iiu abstract of Mr. Woodward's treatment of the 
|)rubleiu in Appeudix B. 

HYPOTKBSn OP BXPANaiON PikOM WAXMIHO. 

Tlie second hypothesis Involves considerations of t('iu|u'rature. Hie 
tem]H>nitnn' of the earth's crust at the surfaci* is idcntii al with the mean 
annual ten>|M?rature of the contif^uous Huiil, air or water, ami at all subter- 
ranean points it is warmer, the change of temjHirature with depth buiug 
grsdual. Every change of climate produces a corresponding change In the 
surface temperature of the crust, and this change is slowly propagated down- 
war<l. When the Ronnoville Ba«n was full of water, there can be little 
fpif>>tion that tln" surface temperature was lower than at present, and it is 
possiblo that the corruspoudiug difference between tlie temperatures of the 
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.nljoiniii}^ laud, tlit-n and now, has not been equal in amount, in whifh case 
the |)i>st-lk)nii('vil1c wamiTii^ nt" the criisf iM-mnitli the lake nmi huM ht-en 
greatur tlian the coincideni wanning of the crtist underlying contiguous 
areas. Rise of temperature carrie:) with it expuutiiun, and the hypothesitt is 
that audi dillereatial expansion produced the observed differenlial altitudes. 
Our qonutitativo data iwe here loss predse than in the case of the preceding 
hypothesis, but it is not difficult to ms'vru to tlieni reasonable limiting values^ 
«o as to obtiun a prnetical t( st of the hvpothesis. Tfif nicno nnnnal tempcra- 
tui'o at Salt Lake Cit\' is 51 ' h'., and this may be a.ssunied fur the tjiilire basin. 
Its andent cUtnate t^omuwliat colder, but the moderate development of 
glaciers permits us to entertain tlie aseumptim diat tlie difference was smalL 
The lake, as we kpow from its wave work, was not frozen, and as It had 
great depth, we are assured by the analogy of niodeni examples that its 
boftoni temperature was that of water of maximum density,' alKiut 'Hie 
8uHa4e tem]M>ratttro ot tlic crust in the lacnsti'al an>a was tluK tonj 12 
Ucgi"ec-s lower than now. if wo a»8Uiue that the surface temperature of the 
surrounding laud was only two degrees lower than now, we are certain to 
underestimate the elimatie change, and thns allow a maximum or limiting 
difference Ix'tween the erustal changes uiidci the old lake and uiult r tin; 
old land. The problem then takes the form: What uplift can be referred 
to (he expansion of the upper ]iortion of the earth's mist consequent on a 
Biipei-ficial ri.se of temj)erature ot U) degrix's occurring at the close of the 
Bonneville epoch. The remaining constants necessary for its solution are 
obtained by assuming the coefBcient of expansion of the rode involved to 
be 0.000006 for eadi degree, by adopting Sir William Thomson^s coefficient 
of diffusion of heat in the earUa, and I>y assigning to post-Bonneville time a 
diiratiim of 1(M),0(X> years, an estimate intentionnlly hn-fre. For the rom- 
putati«ui (if tlic vei-tical rise of the bashi from the*e nutnerical data I am 
indei)tefl once more to Mr. Woodward, who has recently reviewed the tsub- 
jecf of subterranean t^peratnres from tlie mathematical side. His result 
(see Appmdix C) is 1.28 feef^ an amount quite too small for our ooundenir 
tionin this connection. 
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HTFOTHBSIB OF TBRKBSTRIAL DBPORMATTON BY LOADING AND OMLOADtMG. 

The third Ityputhf^is explaiiiH tiie piienomciia by lusKumiug that whoa 
the Bonneville liuiin was filled with water, the eartli yielded to tlie weiglit 
of the water, jierinitting a depreiMiou of the loaded area, and tliat when the 
water was afterward removed, tluM-i; wtw a eorres]K)ii(liii<r ri^u• of the unloaded 
area. The tnamuT of yit'Idiuj,', tin* amount of vertical than;^e, and the 
fi<jfui*e of deformation nil (Icpcnrl on the constitution of the* t'luth, iind jw 
that constitution is unknown, it i.s necassary to makt- assumptions ropirdinn^ 
it in order to diiK-.usii the quuutitativu j&uiHcicucy of the hyputhetiits. If the 
earth were perfectly rigid, the removal of tlie Bonneville load would not 
affect its form; if tlie eartli were conq[>letely liquid, the removal of the load 
would cAuse the load to be replaced by the upri^ng of an equal weight of 
nmttfT. Neither of these extreme couccpfionH ciin Ik- entertained, (or the 
vii*ibki porriiiM ot tlu' <-iirtli is iieifh<'r luu- jicrtcrflx- ri;,'-!(i. imt ln'tween 
thtim is room for an intinite variety of special aii.suuiption.s under each of 
which some deformation of ttie basin must be assigned to tlie unloading. 

In order to learn tlie order of magnitude of the greatest powible 
deformation, let us aaaume for a moment that the eardi is constituted by a 
tliin 8*»lid crust restinf,' upon a li(pnd substratum, and that the ri<^idity of 
this crust is verv siiiull in comparison with the stro><^;f's applied to it bv the 
removal of the water trom the liouneville Hasin. The fl<K)r of the l)asin 
will tlien rise under the action of theve stresses in some sort of arch, 
whose intrakv will be filled by liquid matter derived from surroundhig 
r^OBs. The weight of the liquid matter thus introduced will be approxi* 
mately equal to tlie weijj^ht of the water removed by evaporation, and the 
height of the cnistn! arch will be relatt 1 to the deptli of tlic water in 
(ajtproximately) ihe inverse ratio of (lie densities of the two licpiids. The 
liipiid rock may bu iusisumed to a^jree in density with the avwagu deiwity 
of visible rocks at the surface, 2.76, and tins gives us as the height of the 
rosnlting arch the quotient of 1000 feet by 2.75, or 364 feet. This is the 
height attainable by the arch on the supposition that the stren*^ of the 
crust is a vauishinj^ cjuantify, and it is the su]>erior limit «»f all possible 
values for the height of the arch. With the strength a vauishiog quantity, 



Digitized by Google 



380 



LAKE BOHNBVILLIL 



tile vortioiil strossps tn iiiilDailitiLr !»rfi otjtillihriUt'fl hv vortical sfrotwes 
<luu to trnivitarinii, and tiiu iu.'i;»^iir ol jir< li is .HUl ft; witli tlio stri-ii^^tli tiiiitc, 
the sti-esKos of imloiiJiiig are equilibniti'tl jmrtl}- by HU-eHtM2i< of gravitation 
ami psirtly l>y (plastic atraiiifl, and tlie height of «reli is a func^on of the 
fltreiweK of gravitation. Whiie the nature of tliin function i» more complex 
til Ml tliat. of .simple proportion, it is fnir t4» infor from a comimrison of tlir 
ol)servf(l lioijrlit of tlio uit-h of ilffonnation, 129 ft., with t\u; limiting height, 
3';i ft . tlint iiii'?f'r this livpotlM'sis th<- stresses from unloading arc wUisHcil 
ihifHy by dastir slraiiii* uuil sci-ou»larily by gravitational htrosscs.' That 
tluK implic s git at strength of cnMt beeomes apparent when the inngnitude 
of tlie load removed and the width of the aiibctod area are considered. For 
the sake of i]lnBtratioa, asHunie that 129 feet of uplift satisfy the utresses 
diu" to 3")') feet (12!) X 2.1!')) of the removal water; there remain the «tre!^ifles 
(hie to fiifi fed to lie sntisficil In straiiw in the ernnt, (^iill tlie basin fl<M»r 
a iK'am, 120 miles long, sn|)|»ort«*«l at tiie ends, and HuwtaiiuMl tliKniirliuut 
bv flotatiuu so fur an its own weight is eoucerued. Call the niodnlus of 
rapture of its material 3,000 pounds to the square inch, and introduce no 
factor of snfety. Consider the beam to be subjected to upward stress by 
the removal of ()4r> feet of water from its entire upper aw&ee, and compute 
by the engineer's fonntila the depth of beam lu-eessarv to Htand the strain. 
It i> a'loiit 32 miles.* Tin ilhisfration is !i mdc one, because tlif floor <if 
the basin, being attached all al)oui its periphery, is stronger than a beam 
supported only at the wda; because a crust graduating into a liquid 
beneath is weaker dum a liomogeneous crust; because the modulus of 

> If pMlsbte B tbick crimt it is proper to postnUtc abo that tho matter O^wlug tl IwlMMth 

tk« dome hn •gtMtler dMMitjr Hum Mpertotal ro«k. Witb tbo d«Mitf » vietiMM MraiptiM— 
tto HmitiPS M(b» ittaiA UmUM. 
■n* wiiliiMn^ fiiniwlK to 

wiMra W ii tba Vrmhtng •trew in poBiidi^ dw iiliiu bcios evenly distribatad ever ihn upper snrfucx 
ofthv iMMkin; R in t1i« nmliiluD of riiptiiro of tlie iiutterial id poanda per ■ijdmv inok; 1 1* tliv l>res<nii 
or tbe b«aiu, d ita ilfptb anil I its longtb. tn the case under cniniiflcratioii W = ngth, in nhicb D ia tho 
drplb, ill feet, of irat«r removed, and f is tbe weight, in poiiiidK, of a rotiimit of vt an one im h •i|iiiir.! 
sihI vu« fuulia beigliU Sabslituliu^ tbia valiia for W in the furmala, trau»poaiag and redaciug, w« 
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viscous distortiou is less — possibly tar li-ss — tlnui the iiuHiulus of rupturi'; 
and for other renBons; bnt it nevdrtlielMs atssisti) tho iiuagiiiotiou in roalis- 
ing ttie relation of bulk to wtrenj^tlt. Witli its aid I truftt the reader will 

follow nil- ill the conrlusion that tin- liypotlii'sis of local (Icformation i>f the 
earth hy loral uiihia«liii<; aflonls results o{ tlie saiuo onli i "f magnitude as 
the ohservefl distortion ot' the plauc uf the Boouevilie uhurv, and i» (|uauti- 
tatively udtsquatu. 

Tlie first ;um1 second hypotheses haviiij,' lu rii f.Mind (juaiititatively iii- 
ade<jiiute, the third is the only one nieritin<j fuitlier discussion. A thorough 
treatini tit is oti tlic ntic li:nid hifjldy desirable and on the other Ix-set 
with ditticulties. It is desirable bccauso it promises to tlu"ow some light on 
die condition of the interior of the earth; a solid earth would not yield the 
same deformation as an eartli partly liquid; a Ughly rigid rarth would be- 
have difleirently from one of feebler rigidity. It is difficult becaiue it must 
deal with magnitudes and iH-essures far l>eyond the field of oxperimentn- 
tion, and can lx> accomjiliHlicd <inl\- l>v the aid nf mniprehensivo matlie- 
niiitical analysis, it re(|uires an analytic theory of ilu* strains si>t up by a 
stress applied locally to tins surliicc of tlie eiuih uud of the resulting defor- 
nration, and this theory must be so general us to include divers assiunptioiis 
as to the variation of elasticity witii depth from the surface, and as to tiie 
relation of tiie strains to the limits of elasticity.' The evolution of such a 
theory is be^ otn! iin^ jvmvev. httf iti the belief that it is worthy t>f the attentiitti 
of the niatli' !ii;itii nm! physicist, I will endeavi>r to .state the ]trobleni. 

iVsHuau-, tirst, tliat tlie riyidity of the earth is uniform throughout, or 
at least for some hundreds of nulex fn»m the surfiutu, its m<iduluH of cIsm- 
ticity being that of gmnite, for example. Tlien conceive tiie application to 
the surface of a lenticular biNly t»f water ur|uiv»lont to Lake Houne%'illc, 

A-4 lit liiH**! I»y sir Williillll riiinii^>n, " IJjl-^l n 1 1 \ <ir lir i-. l I |^rl'|-l■[|^ iri\iitni III v, hiiliji 

i.'.|inri'i> ffirw t" clianssv i;- lullk III «llil|i-\ Uli'l l.'i[ilil i 1 :i rii:i; iliu.Hl-. .41i|'li(--.i;.>>ll hI I li <■ I >l i I til 
liKiliit.ini 1 1ll' iha[i;;i . ;iiul n|M li.iik s\ lirli ; In liil t - i -i 1 1 ii ii i I'l I. ;iml if lt<ft ut I*i??»t vvilhunl 1 li.' (iir i i% 

^]^>^■> mil rtfiuatu i»t ri Hi i-M i'pt in ili [irrvtiin> IiiilU riiiil -.Ii;i|m-.'" l .ljiMllrily «>f bulk atnl i-hi--*! u'tljt itf 
rtliuiH- jirii iliHliricl t»rfii>i-rtir.i, ^vlih h ri>r\it-t m m>Ih1--, lini iini m liijin<lt*. K'f;i«li*y in MviintiyiiMniH wiUi 
»lttMlicity iif Solitlti dill'i*!' itt ru^iaril Ui it;£iil(ty iii iwn waxh. TIm^v h%v*> litH't'rvHi i;t4tt1n1i uf 

ri;;ldity aiiU (linVrtiiil liiiiiU uf rluiiUly i>r nUalia ily. Tliu iiiinluli!^ nl .-ii;iilii;, ili |>< n U upmi :li>' 
sttvm ueovMary ti> ;inMliii'<> » nnil <>( ilnfunniiUon, or upou ibe ilofamalioii iir<><|iicvil by u xiiit uf strcsD, 
I'bi' iiiiiii r>i' n^'iiiity U ^L^:l<:ll<'l| whoa the fovM aiqillait ia M gnat thii oftar ila Moofvl tlw Mlid (low 
uvt return to its origiiutl tbape. 
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but sytninetric. To imogiue the result, it is neoesaaiy to divest tlie niiud 
of the ideas of britdeueiis aud great atrengtli ordiiuirily associated vrtik 
grnnite and other nuuimve rocka. Brittleuewi is a dur&oe phenonMnon 
only; at a deptli of a few tliousand feet, or at most a few miles, the tend- 
ency tr> fnictnrc ix effect? v»>l \' opposed hv jUfssiiiT'. Strenfftli is cniKli- 
tioiie<l l)y iiiasriiitiule, aiul in ix-latimi t<i iii;i;.-ni{:if!f it is a diininiHltiiig (mu- 
tiou.- Structures of tlie same; fonii and material are not strouf^ in propor- 
tion to their siie hut are relatively- weaker n» tltey are Uirgt^r until finally 
they can not sustain tlietr own weight In a general way strength iucreaaea 
with the s(juare of the linear dimension; weight nnd other loads increase 
with tile cube. Oivinj; due weiglit to these cnnsidenitions, it is not improper 
to compare the earth ^\■h^'n loaded hy the water of I*ike lioiuieville with a 
bowl of jelly ujMin wiiicli u coin lian boon laid. The rusult* in eitliur case 
are, firsts the (lepression of die area heneath the load, seootid, the formation 
of an annular ridge about it, and third, tiie production of strains within the 
mass. Conversely, the removal of the water of Lalce Bonneville would pro- 
duce an uprising of the c iitnd area of the basin and an annular depresnion 
all about, ami wntilrl either relieve the strains y)n'viritisly pro<luee<l hv rlie 
addition oi' the water, or, if these strains had been otherwise relieved, would 
set up a new ^y^tem with opposite »ij^us. It h easy to understand from the 
homologous phenomena of jellies tiiat the precise figure of tlie superficial 
deformation would depend on the modulus of elasticity of tlie earth material 
With a low elasticity the central an-h would be high; with a high elasticity 
tlie figtm? of deformation wouhl Ik^ comjKinifivelv low 

Tliere are two (di nu'tits of complexity that inhere in tlie suliie< t. Tii 
the tirst place, the deiormation of the ciurth i» resisted not only by the elas- 
ticity of the material but by gravitation, which always tends to give the 
HuHtii'O the nonnal configuration of the geoid. In the second place, the 
stresses creat* d In the removal of the l?H»nneville water would have certain 
effects through the proj»erty of bulk ©la»«ticity ju>i well as that of shajie elas- 
ticity. It is in it improbable that a suitable dtsciissit tn i >f the snljject wimid 
demou.strate that the deformations ascribsible to bulk elasticity are too small 
fur cimijideration in connection with those referable to shape elasticity, but 
to this exteut at least they would need to be conndered. 
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Add now a third eloitient <>t c implexity, by assuinin*? that the strains 
»et up by the rciuovul ofthe waun- miv not entirely within tlie hniil <tt"c!lai»- 
ticitj of the material. Wherever tliey exceed the dastie limit, chauge of 
another sort oocun, probably not fractttre, as in laboratory experiments on 
tlie limits of elasticity, but How — sudi flow us Tri'sca's experiments have 
demonstrated for colloids.' The plastic yielding' nf the rock in the rejfion 
of greatest strains woidd cause a partial ndi-^iribmii m of strains in adja- 
cent I'tigious, and would convspontUnjjIy niodily the figure of deformatiuu. 
The height of the oentral arch would he increased. 

Now add yet ono other element of complexity, by assuming that the 
modulus of shape elasticity and the limit of sliape elasticity vary (sinudtn- 
neously and hannomously) in accordance with some law involving the dis- 
tance from the surtace. They may increase from the surface downward, 
or they may deci*ease from the suriiitce di>wnwaini, and in the latter case 
liquidity will at some depth be reached. The actual deformation should bo 
compaiatiTely low if the elasticity increases downward, and comparatively 
high if the elasticity dinunisltes downward. 

The application of an analytic theory of these relati^mr^ could yieM the 
best rosidts only with a lietter dctonnitintioii tlinn we now h.ivc the cltiHttci- 
ties of rocks, and with a better deterininution of the figure of the defonna- 
tioii of the Boimoville Bosiu; but even with tlie imperfect data at luiud it 
might establish a presumption for or agaiiist the existence of a liquid sub- 
stratum beneath the rigid oniat, and if the mathematical difficulties were 
surmounted, then; can be little question that the observational data WOUld 
be supplied, for their procurement is opposed by little beside their expense. 

Without waiting- tor the matlietn!ifici;n!, we mnv rfnirlndi- in n ^t-iiJTal 
way thiit the tloor of the ik»uueville area arched upwanl when the load of 
water was removed, and tibat tiiis deformatjon was permitted by the feeble 
elaatidty or the imperfect elastidty, or botli, of the portion of the earth 
effected; the conclusion lj«ing qualified by whatever weakness inhnwes in 
the postulate that the c(iin<;idence In time and place of crust unloadiugand 
crust ddbrmation i» not fortuitous 



884 I^KB BOHKBVIUiB. 

■VIDKirOB PROU THIS P08ITI0K OV GRBAT 8A£T XtAKK. 

In an cairlier cluipter attention liiis Ikh'H calleil to the fact that in the 
central portirtii nf t]ie Imin of tin- nmin ImmIv of Lake rjninicvillt' itHUintain 
riflffpH are so nearly buried liy la< u-ttriiie sediments that mily their !<unnnitH 
remain viuible, jutting forth from the [ihiin after the manner of iKlaudis. 
The amount of sedimentetion irapUed greats and ito magnitude i» Bke- 
urae indioatod by the general evenness of the plain. Whi»«ver die writer 
lias crossed a porti<Hi of this plaiui he has found himself, after leaving the 
f(X>t slope of the contiguous mouutauis, u}>on a playa ii<K>r with no diseern- 
ihle inclination, and nearly bare of venrefatinn. Tlic snltiiess nf the snil 
testifies tliat water does not flow across it, lint rather stjUids U|>on it and 
evajjorates. Another evidoiice of tlic general uveuneM of rarftico U the 
•hallownefls of Great Salt Lake, which boa a mean depth of lev than 15 
iSeet 

At the present time the prim-ipal contribution of debris toward tlie iill- 
inf^ o( the basin ckuics from the cusl. (hi the ( (Uist of {iiciit Salt I.;tke 
deltas have been oltscrvc*! only at tlie inoutlis of tlic Joidan, tlic ^W-ber, 
and the Uear, all rising in the Wasatch and Uinta Mountaiufi uud entering 
the lalce on tlie eastern dde. The western coast shows capes only where 
rocky hills stand near, and baya are found where it receives the intennit- 
tent drainage of the sum>undiug valleys. In Boiuieville times tlic siuno 
coutnust existed. The deltas of the idd lake ai"e found almost exclusively 
where it received sficains tnmi tlii' cast, Tiiunely, the rivers just mentioned, 
tlieir priucipiU tributaries, which then entered the lake dir«*clly, and the 
Sevier River. No delta termces were observed about the nmiiierii, west^ 
eni, and southern margins, unlewi poswbly in the Ew^lante Do»oit. 

If thi» deposition, so great in amoutrt, and derived sa lately from the 
east, wen.^ the only factor oonoemed in the determinatiou of tlu; coufigura- 
tidii of the desert flnor, that floor would a ;,n iitly-«loi>ing ]»lain, with its 
higiier margin at tlie ejisi und its h>wer at tiie west, an<l (ireat Salt Lake 
would lie at the biise of. the Gosiute Mountains instead of the Wiusatcli. 
The easterly position of the lake is unquestionably due to crustal move- 
oMnt, wther orogenic or epeirogetiic. (See PI. XLVII.) 
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Let ua first consider the posubility of an erogenic cause. The most 
conqHCttOUs recent orogenic change in the region is that shown by the fault 
scnrpH at tlu» iMwe of tlie Wauatch Range, niese scurps hIikw differential 
movi'tiK nt, cither ascent of tlic mountain or tleseent of the viilley, «>r Imtli. 
'i'he '^n-.it size of tlie mountain ran<;fe, as argued ou an earlier pugc, assures 
us tliut a rising of the range is ut least a part of tlie displaeemeut, but b 
not opposed to the idea tliat tlie sinking of the valley i« a correlative and 
perluipM c<|ual part It is consistent with tJiis idea that the water of CJreat 
Salt r.aki between tlie Hear and W«*b«n- deltas, and again between the 
Weber and Jordun deltas, approaches within about A mile of tlie great 
fault at the mountain base. 

Epeirogenic causes may be considered from two |M>iuts uf view: fii'st, 
as belonging to a system of changes correlated with the emptying of the 
basin by evaporation; second, as bel<mgiiig to the more general ejrstem of 
clianges to which tlie basin, as such, may be ascribed. 1'aking the first 
point of vif?w, wo hnve a post-Bonneville rising of the central area ainnunt- 
ing to inoif tliaii 1(11) feet, and it is conpeivnblo that this has divided the 
phiin into two basins, of whidi the hike occupies one, wliile the other con- 
tainn only occji^iouul playa lakes, such as the scant nunfall of the tributary 
rc^otiA is able to produce. Too Httle is known of the configuration of the 
desert west of the lake to determine wheAer it is partitbned ctthy^ bar- 
rier of Huch sort, or is in ttnte of great rainfall tributary to Great Salt Lake. 
I>ut tlicit" are other n>Msf>ns \vh\' the li\'|)nt!u>sis oni not be serionsly enter- 
t;iiin'(i. In the lii-st place, till' un a lA' maxiiiiuiu uplift, si» tar as our meas- 
nreinents determine it, coin» ides with the western portion of the lake 
instead of with the line of low ridges beyond it Tlio old shore-line is 
luglicr on FnmioutOTy Ridge tlian on the Terrace Mountains to tlio w«nt- 
wiird. 

It nuist als4> be liorrie hi mind llial the present condition of tlie basin 
as nrt"ectc<l l)v climate is sidhstantially identical with t)if |ir('-B»>tim \ilIe 
conilition, mid the arid |»haso wjin of long continuance hetbre tlie Konne- 
ville flood. Whatever central elevation is recorded by the surviving sltore- 
line is merely the correlative of central depression during the lake period, 
and to assume the post-Bonneville upliflting of tlio plain into a barrier ade- 

■oii I 35 
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quate to contun the lake U to aHsume tliat during tlie existenoe of tlie lake 
the oentnil depn .--siim wu- !ill."<l by rti'diiiuMits mt as to pnMliUHi a lake bot- 
tom almost absolutely level. Knnn what vrii know by observation of the 
!sli»pes on whieh tlie Ro!ni?»vill<i wdimeiitH were able to lie, we enn not 
believe; that tlu» was acconijilislied, but rather that throughout tiie «leej)er 
liortiou of tlie kke tliere was an equable depoiiiition over gende ;«lopes, the 
depth of deposit iiKaeaaing rather toward the source of the material at the 
east than toward the center of the lake. It is probable that post-Bouneville 
ohaugcs in the con6guration of the plain, so far at* they have depended epei- 
rofrenically on the removal of tlif water, \y.wc hern the simple converse of 
changes due to the previous imposition of the water, aud havti practically 
restored the preexisting condition. 

Turning to epeirogenic conaiderationB of a more general nature, we 
see that the Bonneville Basin is 9 reg^ of depression, surrounded on the 
south, west and north by regions of somewhat greater elevation, and on die 
en«t hv a tract whose metin nltittule is several thousand fi'et fiiffher — nn 
irr( <rular plateau, along the e<lgc of which the Wnsntfli IJiuit^c .stuuds as a 
2>arapet. The forces which produced this basin and tiie plateau to the east 
<tf it are of neoesuty independent of the hwding and unloading of the basin, 
and of a more general nature. Wliatover they may be, it is not irrational 
to appeal to them as the cause of the local de]>iTssion containing Great Salt 
Lake and to re^-nrd that depression as a i-esult of the mere continuance, 
with poiMibly greater localization, of the process wliich created the laiger 
buttiu. 

Whether, then, we regard the peculiar position of l^e lake as a result 
of orogenic or of epeirogenic displacement, we are compelled to forego tlie 
assignment^ even tentatively, of a special hypothesis as to its cause. Per- 
haps the most valuable conclusion to be dmwn is that, as dejwisition within 
the b;tsii!, during humid and arid pha«>^ of r limiito alike, lias coiitiinially i 
tended to buihl the eastern half of the plain iiigher tiian tiie western, and, 
as tliis tendency has continued to the present time, the subsidence opposing 
aud thwarting it has likewise continued to a late epoch and is (irobably still 
in progress. 
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TIIK HTItKN<; I II Ol' TIIK KAUTll. 

The writer luis been led by tlie ditH-iissiriii of tlicw jdii'iionu n;i to a 
coiux;i>tiou of the rigidity or titrungth of tin* i-nrth, moixi dfliniiL- tiiun lie 
liad praviouKly entortMned. It would not be ppo{)er to call tliiti conception 
a coaclnsion from the data bere preaiented, or a reault to which they rfgor- 
nuslyand VK ios u ily lead. It ia rather a «irorkin{|f hyp4,>tliesU suggettt«d 
by tlic Htudy of I^Jike Boiiiu'vllh'. 

If tlip cnrth j)o.S!*e«se(l no rii^iditx-, iin matcrinls \v<itt!il nrrtinirf flicin- 
uc'lves ill iu-i-oi-dauco witli the hiw.s of liydi-ustatic ccniiiilirium. l lie matter 
«p«eific«lly heaviest would aasuine the lowest povition, and tliAro would be 
a gradation upward to the matter specifically lighteDt* wliicti would consti- 
tute tlie entire Borface. The snrfaoo would be regularly elli|)^^uidal, and 
would be completely covered l)y the o» ean. Elevations ami de|}reii»ioiiH, 
mouiit!)in?' mid vnllcvs. continents and ocean basins, arc rendered poswiblo 
by the property of rigidity, Imt the pheiiomenu of <liasti-opl>ism, and espt^- 
cially those of plication, show that tliis rigidity hm it8 limits, aud tlio 
{ilieiUMnefla of volcaniam demonstrate that its distribution is not uniform. 
It has been computed by Darwin^ that if the earth were homogeneous 
throughout, tliu stn>ss differences OOCastoned by the weight of continents 
would lie n-^ r^rc-.xt m th«»He uereHsnrv to tTUsli i;T.'initt\ The stix-ss ditfer- 
ciicc iii'ccssarv to |irodni'e vix'oiis How in granite and alhed rock-^ is tiot 
known, liut if diUereiii from the crushiug atrct»8, it in Ic-vs; aud Darwin » 
discuaskxi therofore tends to show that the earth, if homogeneous, would 
require a strength equal to or greater than that of granite. That tlie earth 
is not homogeneous as rctgards density (and doi^s not ron^^ist of symmetric 
hoinogeiKH>us Hhcllf) if sliown by the ntjussing of land areas in one hemis- 
phere; and the hypothesis that tiio crust iias low density beneath contiiieiils 
Olid high dtiUiiity boQuatli oceans is 8U2itaiued by observations ou the local 
direction and local force of gravitation at various points.* The general 
proposition, tacitly postulated by Babbage and Hersehol, advocated more 

' Oil tlie Dtrowea caiiaed in tbe interiur nf Ibe esrtli hf tiMirtlgllt Of WNItinmto ODil IMlmfaliDiy 
by a. U»rwlii. Phil. Trans. Uiiynl S«c., |it. J, ISrt-J. 

'On th« nrKUtiKMit Troiu geoHclic statioD eironi wo Jobo II. Pratt, Fignro nf tbe Earth, p. 201. 

On tiM •igsuaot from pandalom obienr*tkM» aea H. Ftgre in Kevaa aciqniifiqm for Fob- 99 ud 
MknhSr.UMb 
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reoenily by Dntton and ftBh«r, and entertained by mort modeirn writon, 

IH that the rathal elements of the sphere have tlie same weight on all «i«le«, 
the product of the height of each unit ruluiiui into its mean density being 
evcrywhei-o the same. With such a distrihuiittn «»f densities the stresses 
and strHiu8 renulting fruin tlw iixistence of continental eluvatiou8 do nut 
disappear, but tiiej are leea than thoee derived by Darwin on the bypoth- 
bIs of iiomogeneity. How much less has not been shown, bat It is fair to 
iiay that, so far as the evidence from continontft is concerned, the question 
of the degree of rigidit}' of the eartlis nucleus is still an open one. 

If n weight he added to a limited portion of tlic snrfaiM' of the glol>e, 
tliero will result a system of strains betieath and uhout tlie area, and a 
deformation of the surface accordant with the system of strnius. If the 
Iveight is smoJI, and if the effect is not oompticated by preexistent struns^ 
the resulting straius will at every point fall within the limit of ehutacity of 
the material, and the deformatioii will be sroaJl. If the weight is sufficiently 
large, the resulting strains will in some places exceed the limit of (■las,1irit^^ 
and other consequences will follow. Among the.se, rupture and tauitiug 
iruvy in special ca^es be included, but tlie ordiuarj- iuul prvduniinant result 
win be viscotts flow. The viscous flow will consume time, and when it has 
ceased, there will nmuun a system of elastic strtdna. Beyond the elastic 
limits, the laws of change for loading ihe Borfece of the earth (and similarly 
for iiiil'i oliii':) are quasi-hydrostntic. 

Tlic jxiiut on uhicli the B«mne\'ille phenomena appear to throw light 
is tiio magnitude of the htad uecensary to overpower ngidii N . I'Ik) phe- 
nomena of &u1ting at the base of the Wamtdi, wliether considered by 
themselves or in connection with tiie filling of the adjao^ valley widi 
water and it^ >|ucnt emptying, appear to my mind best aoconlmit witli 
the iih-a that the Wasatch Range and the parallel ranges lying west <»f it are 
not sustained at their existing heights sibove tlic !iiliacent plains and vallcvs 
by reanou of tlie interior Kpecitic density «>f their uias.ses and of tlie under- 
lying portions of the crust, but dnefly and i>crhaps entirely i» virttie of the 
rigidity or strength of tiie crust The phenomena of deformation of tiie 
Bonneville shore-line accord best mth the idea that the imposition of tlio 
Boimevillo loud of water and it» snbseqtieut removal strained the subjacent 
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portions of the crust beyond the elastic Ihnit, the itrouiea due to the load' 
ing and anloading being partly equilibnted by cnutal atrainii, and partly 
relieved by crustui flow iind a resulting redwtributioii of the stresses duo to 
nfTfivitiUioii. It H iiiflic.itcd that tJic limit of tom'striiil riyidity falls some- 
wluTf Ix'twH'cii that nil a>iiii'd by tlie weight of the Wawitch Uaiijxe and 
that ineiUHuml by the weight of the water of the luaiu body of Luke iJon 
novillei or in more general temu^ that ..a mountain <^ the iiret cIam is the 
greatest load thatcan be held up by the earth, and ia therefore an expression 
of its strength or of the limit of ehutid^ of the mateiial of its outer layers. 

Fully to realize the nature of this measure, it h mH-csHnry to give it 
uiuuerical expression, and to this end n fcnv ri»inputa!iiin;< liavc hcvu made. 

It i« evident that the niaximum strain produced i>y a loatj de|K'nd» ui 
part on its distribution, and especinlly that a long ridge taxes rigidity less 
than a compact mountaiu mass of the same weight It appears to me that 
a very long range causes no greater struns than a shorter one having tlie 
name cross section, and I have thfin'ff ire conceived the Wasatcdi Rnige to be 
fairlv represented for this purpose b^• a iliNnsion of it itirltidin? the highest 
peaks and having a length not quite double its width. This division 
extendi) from the Provo River northward to the low pam at the head uf 
Parley's Canyon. Its estimated volume is 200 cubic miles. 

Sinular cons^mrations lead me to base the estimate for Lake Bonne- 
vilfe oil till' main bo<lv instciid of til© entire lake, excluding tint only the 
Sevier ItDily lii;t Snake Valley, White Valley, and Utah N'alley bays. 
Tluis defined, tlie load of watvr anio«uitetl t«» about 2000 cubic miles, ecpiiv- 
aleut iu weight t4> 730 cubic miles of rock. Ou the Oiismuptiou that the 
struns produced by tlie lifting of this load were only in minor part relieved 
by viscous flow, it is mfemsd tliat tiie limit to the superficial rigidity of the 
earth is (>xpresMd by a load of 400 to 600 cubic nules of rock (1670 to 
2500 cul)ic kilometers). 

Tliere nrf fnnr ela-sfiK of topographic features w ith whieh this mensnrc 
may advantageously be compired, and by wluch it may perhaps be tested 
The first is mountains of addition, or mountains produced by the mere addi- 
tion of matter to the surfiice of the earth. Moat volcanic cones are of tiiis 
cbtss. The seomid class consists of monntains by subtraction, or renduaty 
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iDiDUiitBinR dm to the removal of surrouiuling material. The thirtl clam is 
intormodiato, incUuling addition and subtnu"tiou, a« when the extrusion or 
intrusion of volcaTiir mr»tt«»r j)roduct's a resistiint nmsis cajMxhle of pix*«erving 
against erosion a residuary mouutaiit. The foui'tli cuuitists of valleys by 
aabtiaction, or vaUeys eroded from pktaiMu. Honntaiiis and vaUeyiB due 
(Erectly to diastropliism are not in pmnt^ beeaiue, as tliey are the supeiv 
ficial expR'ssion of unknown subtcrrauean changes, we can not be mire in 
individual cases that their existenct; is independent of ^ snbtctrranean die- 
tribution of tlensiti«!s. For similar reason, a volcanic moTintain whose 
building has been accompanied by subsideuce of the subjacent terraue can 
not be used for comparison. 

The contonr nuips pivpared by the geogra|iluc hranch <tf the Survey 
enable me to give the volumes of some of tlie most important Amertean 
exaui]ilc9 of tlies<' v,ii ii>us classes with a deffree of precision quite sufficient 
for tlic purpose. By tlieir ;)id (mcIi of tlic f. illo\viii;x features was referml, 
not to sea level, but to the plauo of the aurroimding country, and its vol- 
ume wju* computed. 

San Francisco Mountain is a TOlcanic cone standing alone on a high 
plaui, and tlie strata abont its base are almost undisturbed ; it is a typical 
mountain by addition. Its \ oIhhh; is 40 cubic miles. 

Jloinit Shasta is a volcanic cone standing in si region of disturlx'<l 
strata, but there is no eWdeuce of subsidence due to iU load. Its rolame 
is KO cubi*' milcK 

Mount Taylor tm a voleanio cono stamUx^ on a plain floored with hard 
lavnsi. Tlie degradation of tlie surrounding country has converted the vol- 
canic plain into a great meaa or table mountain. The cone and mesa 
together, constituting a numntain by combined addition and snbtraClion, 
have a voluuje of 1 !>0 ciihic miles. 

The Henry Mountains and the Sierra Sal consist each of a groujj 
of laccolites — ^volcanic additions by intrasion — and of other rocks preserved 
by them from the erosive reduction suBtained by the surrounding plateau. 
Their volumes are respectively 230 and 2i>0 cubic miles, 

The Tava]mtB J^toau of till' nn en River ba.si!i, nt1ierwi.se known as 
lioan Mountain, is a great mass uf iucliued strata carved out by the unequal 
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degradation of a still greater antieliiutL lt» detWQuiuQg cause U a thidc 

layer of reslstaut rock lying between thick layers of yielding nn-k, and it 
Htunds Ix'tween two numoclinal valleys dne to the PxcavntiDn <if rlic yi( Iding 
layers. Its vohniic staiidiug above tlie lev«l of Uio a4jaceut vuileytt is about 
700 cubic miles. 

The Qrand Canyon of tbo Colorado )« a valley cut from a great pluteau 
of stratified rock. The plateau has a fault stmcturo of its owu, but the 

canyon and the fault structure have different <1irL'ctioD8 and are nuunfestly 

independent. The volmne exeuvated to form the deeper ])nrt of the eanyon, 
frmn tlio mouth of the Little Colorado to the mouth of Kauab Creek, is 35U 

cubic miles. 

The Appalachian Hountidna are travened for neatly a lliousand milee 
by a great valley following di6 outcrop of yielding rocks, and it is probable 
diat we have here a valley by subtraction. For the same reason lihat 
determined the Kelection for mea.suremei)t of a portion only of tlie Wasatch 

Rjuifre nii i (if a portion only of Lake Bonneville, measurement was not 
made ot tlio wiiolti of tliis valley, but only of a limited part It was lussumed 
that a sectiou with length fifty per cent, greater tbjui brcadtli, and selected 
wliere the valley is broadest, fairly represents the strain-prodacing power 
of the whole valley. The porti(m thus sdected lies 600 feet below the mean 
height of the Cundierland Plateau on tlie northwest and lOfK) feet below 
the mean lu i^^lit of the mountain district of Xorth Cnrolina on the southeast, 
and itt! volume, com|)Uted from the mean of those, is SdO (Hibic tiiili s. 

All of these various features e.xcept two fall withiu the indicated limit 
of 000 culnc miles, but the limit is exceeded by the Tavaputs Plateau wttli 
700 and the Appalachian valley with 800 culnc miles. There are qualify- 
ing oousid<'rations in oach case. The plane alM)ve which the volume of the 
Tavaputs IMuteau was computed wa.s that of the low valleys adjoining it; 
jT('fhn|w n iimre i^nitnblo ]>liino of rrforonrp wonld liavf* 1h><>ti the general 
level of tiie suiToun<Ung country. Tiie density of the rock of the plateau 
is probably less than 2.76, the donaity assumed in reducitig the volume of 
the abstracted lake water to equivdent rock volume. Tlie Appalachian 
valley lies in a region of great oormgiriioD, and its trend coincides witli the 
strike of the orogenic structure. Tliat structure unquestionably involve 
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inequalities in the distrilwtion of subtemmean deii«itie«» and it is possible 
d»t die strains due to tlie valley are lessened by tlio presence beneath it of 

excc'i)ttottally heavy matter. l'>ut after givingdtie weiglit tu tliese coiindem- 
tions, it must still bo adinitkd that tho measure of strength doL'H not stand 
well thii tost applit'd. Ir i.s iiulicd posiuhle that a true measure hn-* Ix-cn 
found, mnl that it is illustrated by thu! Bunno\'ille, Tavaputs, and A])pala4'iiiau 
phenomena, but we can notdmy the equal jXHidbflity, first, tlmttlie strength 
of d)e earth varies so widely in different places that a measure tUsoovenHl 
in the Bonneville baMU serves merely to indicate the order of magnitude of 
a measure of the average strength, or »R'cond, that the uuloadin<if of the 
B^>lnu>v^lh> Inisin o4'<'aKi(>n«'d no greater strains than tlic t rust was al)h' to 
eiiduri', and tliat the cuiuciduuue uf mdctadiug uud upurchiug WU4 u coin- 
cideuce merely. 
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THE AGE OF THE EQUUS FAUNA. 

TKB PAUNA AND ITS PHYSICAL RBIATIONa 

Ab the Eqnus &uiia is not known to occur in th« Bonnovillo Baainf the 

prt'seiu-o «»f this rluipter refjuirt's explaiuitioii. Tii considi'riii'j the relation 
of the I^onnevillo history to ghtcial history, it has been found iiect'ssary to 
ooiisiiU'r also the ffhicial and hu-ustrine reeonls of the Mono and Lahontaa 
Buiiius; hence the sixth chapter cuutuiiia an exceptionally full discus.siou of 
the relfttion of the later hieiutrine liistory of the Great Basin to general 
geolo^c chronolc^. Hw Eqnus fauna is so connected with that lacustrine 
history that the geolo^st can best discuss its age in that connection. The 
present chapter is n rorollnrv to (Mtnptor VI. 

The same expluualitm serves to ac< i>uiit for thf> dismissiiiii of the fauna 
by tlio present writer, who has nut visited llie cliief l(»i-alities of its i)ecur- 
renra, but derives his Icnowledge of itsgeidogic relations from the writiugit' 
and notes of Russell and McGee. 

Eqtiiis aj>j)ears to hiiM- lu i'ii first used it. the niiiiirnclaturc i>f ^r,., ,],,;_rii; 
history bv Marsh, in an ailtlicns read to the Ainciicau A>si>riati<iii tm- tlie 
Adv!)tvcenH>iit f>t" SriiiHc in ls77.' 'PIu' Mqiius Ijeds are tlici-i' inaih' an 
upper division of tlie I'iiocene, and tliey art rharacterized in a table aeeoni- 
panying the-address bytJM genera J^fiw.v, Tapir n.s, and i'Jcphas. An exam- 
ination of the text riiows that none of these genera are credited to the lower 
Pliocene, but tliat all are credited to the post-Tertiary. The characterisaF 
tion thus fails to separatia the Eqnus fauna from the Pleistocene, and as no 

> FmhUi Ana. Vtif/t. U. 8> Ocol. Survay, pip. 46B-40I. SalnWa vwL 3, pp. HW Tfl 
*The latwdu«Moi> isd Bo m wiI w i <f Tertelwto tlfc lit Aoiwfa*. ByO.C.H«nli. rrM.A.A. 
A.8>.,val.Ml,ltm)kp.«ll. 
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locality is mentioned, it leaves flic faunn undefined. Two years laler tbe 
iauna wa.s characterized by Coj)e by the foHowiiifr Hst of" nianiinalian npe- 
cioH.' Those of the l^t baud coluniu are extiuct, tliose of the right hand 
culuuui hvillg. 

Mylodon todalis. Tkomum^n itear eUuiu*. 

IMra near piscinaria, Thomottty* lalp^itt. 

SlqUM frknigmitit. Caattr fiber, 

E(/uu.i nuijar. 
Auchenia healerna. 

Awhenia vitaktriOM. 

CertHM fortis. 

As the «iMH it,*» of this Ust were found together at one horizon and in 
the same locality, tliey afford a definite and tangible basis for discussion, 
and I ahall consider diem as llie Equna &una, despite the &ct that they ftil 
to include the genua Tagtinia referred to it by Harsh. The loodity was de- 
scribed by Cope as lying thirty or fn: r \ M .ilas east of Silver Lake, Orej^on,* 
and he styled it "Fostsil Lalce.'' Uui^sell, who visited the place in 1882, 
speaks of it as a few miles eastwaitl of Uliristma« T,r»k(>. 

The formation in wiiich the boucs occiu* is luLUstrine, hh sliown by its 
shells. It oonstitutes the iloor of a desert valley, and has suffered acarody 
any erosion, though the sand dunes traveling over it suggest that its surface 
nray have Ix-en somewhat dej^aded by wind action. All al)ont tin- sides 
of the valley nrti sliin-e-lim's, and alio\e tlu'si_; .>.hon--liiics tlie lake lu'ils tire 
not found, .Tust as in tin' l?onnrvill*> ami Lahoutaii l)asiiis, tlic )>livsiial 
relations indicate tluit the sliore-luies and lacustrine sediments are coordi- 
nate products of tlie same expansion of lake waters. 

The Chtistmas Lake basin is part of the Great Basin, and lies 150 
nules northwest from the r^ahontan shore-linos. Each closed valley of the 
inten ening region has its ancient shoiv-lino and associated lake be<ls. Each 
of the old lakes thus d('moiistr.it< d stands witnes.s to cltmntie O'^rillalion, 
and their geographic relations leave no room for quodtion that they jwrtain 
to the same climatic oscillation and tlmrefuro havo the same date. 



■ AiMftam NiktnmlM, vol. 1«, ISHS, ^ 194. 
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Tbe mnnunalian remains obtained from the Laliontan beds tnelude a 
great proboscidian (Eb^uu or Magfodoit)^ a llama, one or more horses, and 
an ox. No skeletonB were fonnd, and the diaeodated boiics and iV!)<.'Tneut8 
of hones are not ?ucli as to permit the recognition of spwics; hut I'rof. 
Miirsh, to ^^ llOl^ tliey were suhmittetl, was able to s;ry witli entire conli- 
deiice that the sjwcimens as a whole heloug to the Eq^uus fauna. Having 
myself compared the Lahontan collection wilJi the collection made by Mr. 
Russell at the Christmae Lake locality, I may lie permitted to add that I 
share Prof. Slarsh's confidence in the identity of the feunas. 

Tlie con-elation receives tidditional support fi-oni tlie hicustriiic shells. 
Russell reports from the bone beds near Cluistmae Lake tlie following' 
species:' 

/^hariHttt dmtatum. lAttnopkyta bitlim»itU$. 

PbUium ullmiiia w fcii msi . OarinJ/ex newberrjfi, 

Gi^raiiluA rermicularit. 

None of tliese are- extinct, and all havt- been found in I^hontHn stratA. 

Nearly all of the boues obtained from the Lahuntoa sti-ata were found 
at a horizon somewhat above the middle of the uf^r division of lake 
beds. At " Fossil Lake* the Iranes were found at the top of die formattoi, 

but we know nothin<ir of the (hiekuess of the formation. Unless the Foswl 
I..iki' r(iri)i:)tini) is nuich tlnuiu r titan the Lohoutou, the date of its discov- 
uml iiianmialian fauna is a tritle later. 

Tlie physical relations recited above, and the associated palt uuttilo<ne 
relations, show that the Equus fauna, as illustrated byit:> ty|)e hM-ality, 
btdongs to tlie epoch of the Upper Lahontan. It tlten^ore falls, as a mat- 
ter of pt iicral ehrontjlofTV, in the later T*!eisti>rene. 

This conclusion differs widely from that reac hed by purely pah'onto- 
lo^ic ntctlmds, for those rcff'r the fauna to th«' l:it<>r IMifH-cnc, Hcfore tliey 
are considered, attention will lie called to a possiiiie ainbijfiiity, and one of 
the lines of physical evidence will be amplified. 

The term Pleistocene is used by geologists in two senses, one of which 
may lie characterised as chronologic or general and the other as ph^^cal 

■ fbortli Ana. 1la|it. U. S. 0««l. 9mn^ p. 48^ 
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or local In Europe the later part of Cenoioic time was distiugaiBlied by 
a scrioH of physical events including one or more epochs of exceptional 

colli and excejitionrtl expansion of glaciers. In European nomenclature 
I'leistoccno is applied to the |k'H<m| nf time oceiipicd by theao events, and 
also to tho events themselves, and this without confusion. In North iVmor- 
ica tlie later Cenozoic history included a series of ovcnta of the sumo gen- 
eral character, and fw these we have borrowed die name Fldstocene, or 
its synonym, Quaternary. Tlie time covered by these events may or may 
not coincide with the Pleistocene i)eriod, and until it h sliown ho to coin- 
cide, our inij)ortt (l ti rm is nnihiguous. It i« priinarily in the physical 
r.itlu r llian the i litduulo^nc wnse of the tenn that tiie Upper Ijuhontsin 
ami tlie Fossil i^ake hods are found to bo late Pleistocene. Properly to 
chnracteriie them in the chronologic sense — ^with referanoe to the period 
including the glacial and int^'gladal epochs of Europe-^it is necessary to 
take aooonnt of tho woik of land sculpture and its relative progress in ^f- 
Sereiit places. 

When a siirfaci" shaped by some agent other than atmospheric — a sea 
floor, for example, a morauie, a shore tciTace, or a terrace modeled by 
' man — is exposed to atmospheric agencies, its sculpture begins. For a long 
time its original featores continue to be the etiaracteristic ones, but they 
eventually become subordinate and finaUy disappear. The original forma 
at first are new and fres^Ii. then old, worn, and hard to dis«'over; and finally 
tho fact that they once existed can be known only from the iiitonin! structure 
of the deposits to which they ])( longed. So long as the original form is 
disc^^ruible, it yields to the gcH»k>gist evidence of relative newness or rela- 
tive age. Such evidence as this is not readily formulated, but it is con- 
stantly employed by tlie field geologist in the study of the surface. Indeed 
it affords one of the most imi)ortant bases of the wide Spread opinion tliat 
gliiciatiiin was simultaneous in Europe and America. 

'I'lu- aliamlotiiMl hike shores of Chrit'tnins Vsillcv aini ni tin- LahanUui 
liasin, rl»e lamstriue plains below them, ami llu; lorivlated glacial moraines, 
are all of youthful habit, as youthful as the "parallel roads" of Glen Boy 
and other snrfiice features marking the wane of glaciatKm in Scotland. 
Tite lake shores and sea shores associated with the latest Pliocene beds of 
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EuroiKJ aiL> eitlicr unrocogiuzeil, or else, as in tlu; cjusc? of tlie Euglidi Crivg, 
known only hy their internal Btmctara. The pliun« of thoir apper sarfaces, 
where not covered by glacial or volcanic dopoeits, are either obsolete or 
obaolracent The topography created in the presence of the E((uus faunn 
is young; that crJ'atcil in tho prt'smu'e of Europi-an Plioet-ne fauna is 
ohi. With the aid of this adtlitionitl Ifiik in tlit^ ( Iiaiii nf |>!ivs!cal (fvidcncu, 
tlio geologist ties tho Equus fauua, not merely to the Aiuerieau glucial or 
Pleistocene history, but to the Flofatooene time divirion. 

Tlio ancient Luke Bonneinlle, the ancient Lake Lahontaa, the ancient 
lake of tho Mono Basin, the anciout lake of the Ohmtmas Liake Basin, and 
nnmerous smuller extinct lakes of Oregon and Nevada, are tied together by 
oonununitv of jihvsirat t hni nt ters — ^fn slih' hiired sediments, conforming to 
the slopes of surface and .surt ouiuleil by frx-shly formed shore-lines. Many 
liavc yielded sheila of receut species. Two, those of tho Lahout^ui and 
Chrietmas lake basin*, have yielded the same manunaluin &una. Hie 
two latgeet, Lahontan and Bonneville> have yielded detiuled and parallel 
physicnl histories. The analysti* of climatic facton correlates thm witli 
ancient glaciation in iieii^lilxirfng nionntains, antl their shores nn" carved 
from anri built nroun<l iHte-formed moi-nines of the Wasatch IJjuige and the 
Sierra NuvimIju Tho detJiiled history shows two lacustral epoclis coritj- 
apondhig to two glacial epoeliSt and correlates tlie mammalian fauna with 
tlie later half of the later glacial e|xiclL Prenumptively this date falb very 
late in the Pleistocene period. The phenomena <»f eonipartttivO MCUlptare 
show that it is at least later than the latest Pliocene of £uropa 

TUB PALBONTOLOOIC BVIOBMCB. 

So far aa T atn aware, Cupo alone hnK stated die imleuiitologic grounds 
for referring ttio Eqnus fikuna to tlio Pliocene. Compnrinj* it with the muIi- 

Appenine fauna of Kin-0|H3 (Pliocene), he Niys — ''The rli^iraelenstlO tlilK 
fauna is the fact that tho speci« > Ix lung mostly t'* i \i>ting genera. . . In 
the Equus Vieds t>f Oregon, a few cMiin-t ^'ctu i;! in like iriainif-r share tlie 
field with various recent ones, whiU; not a tew of the bone.-. ui\' ia»t ili.-itin- 
gidahable from those of recent species.'* In a succeeding pamgraph he 
adds: **Aa a concluaion of the compariaon of tlio American Equua beds in 
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guiiu-rui with iUdsu of HiU'opu it luuy bu KUitod tlmt the nuxalwr <»» idontical 
genortt in ao large that we may not hesitate to parallelize them aa strati- 
graphically the mmo." 

Three catefiorifs of tnndciicc* an> lu're iiscmI: (1) the relative abuiKhmco 
of extinct gt'iR'm in tlie two fauiiiis, (2) tlio rehitiv^' nl)undiiiice of extinct 
H] If firs iu tlw two fauuas, (3) the abuadaaco of guuura vomraoa to both 
taiuiiiH. 

The fint and Mcwd categoriee embody the method devised by Ly oil for 
the claflsificntion of Tertiary formations, a method iMued on the percentage 
in each fauna of living or extinct fomw. Faaoas with die lowest per cent of 
rt'ceiit forms wore grouped to«rether as Eocene, those witli a certain hig^lier 
per ft'tir were i-jdled Mieiccno, and so for the Pliocene. The method rests 
on a {jeniT.ihzatiou from ob:>ervatiuu aud on a postulate. The generaHza- 
tiou is tltat from tlie earliest Eooaie time the &cic8 of life lias gradually 
approoclied tlio present facies. Tlie postulate is tliat tlie rate of change has 
been unifordi in all places. If the postulate is true» the method of Lyell 
can yield exact time coiTelation; otherwise it can yield only approximate 
time resultH. T/Vi ll himself disclaims Ixdief ia the postulate aud regards 
hi» classiHeatiou as chroiiulou-icsdly inii-w rfpct.* 

■ Tlii-Mt |iaxia)(i?si occiir on pagva 47 aixi IM ut a jiikiwir oa tiiv HcliilioitH iif thv l|iirl»>nx or Extinct 
VcrleliriXn or Kiirii)in nml Norlh America, )iiil>linbed hi volume V of tlio Btill«litui or tb« U. 8, Survey 
of tl>a Torritorim. Oii page A'J llia corrvlntiun of E<|iiii« tH-)l» wiih Ibe PliucoDo it cbaravlurizdil 
Mtbo "«Kuct itiuiitilkcatloii " of a reiatriclnl divi»i<in, Tlio aalbor'a eoufiileuc« in tbi> corrvlation was 
not matrriitll.v nbikki-ii by » (irvliuiiiiary atateiiiL<uc of tbo |ihyaicttl eviilnucu made by tbo writer to tbe 
N^ktiimul AcwUiiny ofS^it^ncn In IHHS. Sims AiuotIbuii Njturallit, vol. XXI, lH-47, p. 4o!i. In thr paaiuij^ 
liw« ivr<.Tri-il to Cop« aays: "Tbiit grnllmian [Uil>M<rl] hits axpriwuril lb« Iwlicf that tbu beds of tbia 
Qgt iin! ui>C oUlcr tbaai tbo |;laciai rpocb, bocsnao tb«y riiibracp Ibu basos of aomv of tbe luoraiuex ttt 
WMir. of Ibn aiiciout Klacii*r!i of tbo Sierra Xcvuda. It nuuMOa to bo proven, bowi-vvr, Ibai ibnw 
aMmiuM :iro of true glariiil a;;ii, hIiico tbvy aro uf votlnly IomI obftracler. Tlii^ prtweiico of ao niauy 
RIMnnaUitf IliLi filling of thn %'iilloy uf Mrxiiro woiilil not anpporC Iba belief ia a caiIiI cliinat«." 

WImhi tbi< iiioritiiiea mforriNl to vren Itvian formnl, tlio 8irrra Novada bore ru ita buck a luor-ile- 
||lMe6*»Mtmi!<iva aa tbat of tlta Alpa, auil m boat of glacicra llowcnl fruiii tbia to Iba vallaya below, 
HMcbiDfaltiitidiia Horn S,WO to 9,000 Hoot lower tbMi tbe littlu claciura ibat now aling to » few of lla 
ftmkM. At Hbm wmm timo tbara wm aim gfnt gtaol«ra in tbo Wawteb MMutahiib Wkatawr tahw- 
eoeeK tham (JMrnmiBaA yloM aa to tba «Mtiga|wnn«otu elinalo of tiw Otoat BulMaiqNMW to mm 
tndupcmkmC of «b« <itiaatio« of tbeir oomlattM with a giaoial ep lok aouawliere ala*. ir;lh»gla«iaf» 
praw • coM dinito Id th* OreM BiMiB, Om tiM «ilad> tiM Mk Oair boMSls (to 
lalM ■MllBMnta of the BhId livwl in ■ eoM •llMata. If tto Mimato aonM Mot Itv* ia • wild aliiMte, 
llWB it U«bowB that the vallayi* of the Qmt Barfa w«n wamt deqiila thn ioooa tbe high ii.iNnttaiJM. 
Tlw qneeliaa «f gMlasla.dale it not iamlmd. 

Hwiralaaaf tlwBqawliMinaaean iidat of wiBt«<i>»— ■eooadiinate bee aliaady beaa JiwnnS 
in dtaifMr VI «r tbi* TolDaM, 

•SbiantlMLfill. lliuulofOMtogr>Mk«i. MewYorlc. p.ilJ. 
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Tho third catigi Hy of evklviu-o, tlio ulminlaiu-u of coiniiuMi i li iin iits in 
two fauuaji compared, in tliat ordiuarily used iu paleoiitylogic i-onvlatioii, 
and it applies to die older forroationi) as well aa to tlie Cenoxoic. The 
metliod of u»iiig It ia analogous to tlio asMijraniient tit comracrml oulors to 
itioir approxiniatf |M»sitions on prisniatic Kcale, and may cluirarter- 
ized jis ii nifthod of inat< liinjf. Ilavinj,' in ono distm t a nunilxT of faunas 
deterniiued by plryicid relations to Ih« siK'ct s-JT\ <>, the paleontolojj^ist cora- 
jMU'Cis a «4iu|jit' fauna of another district witii eaeii of tliiuiu sevtjrally aud 
" correlateit ^ it with tho one witli which it has moat iu common. Hie prin- 
d|ml cheek on this method lies in the coiMiat^icy or Inconsistency of Its 
results witli one another. When two fainias of one distinct are separately 
compaix'd with the fauna! scale of another district, their relative a«!;e8 as 
inferred from the residts of mntrhinjif is usually the same as shown ]>v their 
phytiieal relatiuuii,' but theru are a {nw exeuptiuiu tu tliLi. Again wlieu 
Uotio data of two or more Iduds, aa for example vertehrate fiMails, inverte- 
brate fossils aud fossil plants, are B«|iarate1y employed for correlation by 
matchinpi the results are often acconlant, but they are also «>fleti <Iiscord- 
ant. Ilfiw fnr till' discrepancies of ivsult aix? <lue to imperfc* ti ui of method 
and how far to imperfection of data, is not knowti, t)iif it is fjenerally 
admitted tluU thero aro limits tt> tho applicability of tho method. The 
greatest diMrepaneka in Its results have been ibuud when the formatioiiB 
compared lie far apart, so as to fall in different &mial provinces; and it 
may be said ut general that Its vahu; varies directly with tho degree of 
reBomblauce <tf the fauua« compared. Wli< i <- the whole nmnber of conunon 
forms or of cnmrnon types is small, corrolatiuu is less predse than where 
the numl)er is lar<re. 

In ordor to gauge thu K4UU8 fauna by the accepted tjc^tle, 1 havo 
selected a series of Euro{ican faunas more or Icds restricted geographically 
aud of well-known age> Hicy are (1) die Lower Pliocene of Moutiiellier, 
France, (2) the Ujiper I'lio<-ene of the Aruo Valley, Italy, (.'{) tlie PldstO- 
cene of Great llritnin, (I) the living- fauiui of Europe. The ;r<'iieni smd 
species <»f thi' land tiiaiiiiiials of tlu'sti faiaia^ have been idiiipared with 
thoso of the 1m]uu.«» lUiina aud the accompanying tablo coustrueted. 
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The table includes only noanunalian faunas. Cope has reported fixuu 
the same Oregon locality ten species of birds' and two of fides,* but ihese 

iiro not at present available for puq)o»eH of correlation. As it in known 
flint thi* jreneml rate of evolution differs in fliffcn'iit cliisMrH of nniiuals, tliL- 
ciitin' dossil I^ake fauna can not Imi coiiHi(icrf»l t<m( ttirr. The birds can 
not be HtpHnitcly used bccau>K5 of tlie scautiuessii of avian data ii» the Eiu'o- 
ponn faunal scale. Hie fishes are themselveB too few fw profitable com- 
paiison. 

Tabu: X VII.— ^Mlabirjr 0/ Palronlatogic l>«la/<rr lk» ntU/rminatiom «/ tit Agt oj thr iiquut /Viaiia. 
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'■HHifc Pl o l na ww Miwwolh. a]rW.ailMrt««iaMW.A.SM«N4. KitiiiMiyMKM'tiolwr.tito. ttwt 
n IMaiA im. 

riFliKurrbv cUintU-, c4o. B:y W. Bnyd n*itktit>. Tajk 8«i. KctI", v.>| 10, ICR, |i|k MMn. 
•C. I. Forayth M^r. AIti Soo. Tom. ftci. Xal , tuI t. |>|k 1»-4u lail I'n«. viA.," t, P-t- 
'Optt,!,, i|„ni<^ by MiO»r. Al.ll «<»•. Ti'«r Hc'l Vra, vnl 1 pp. ;-J4-.---. 

' 111 jiMtill^ .rji.H lt1lbM«|U*Dl ti> III" r:ii>' nil " 1 II I. I hi. I iM" i» Ikia^\ Cijii. khI iibli.lH . t Ot" lieilU*, lltUnKnutm. 

Is vbich hv tTnnafem the s|i«cle« Aueh^nia in Ifae Bqnan fMaoa. Thia dunblr* tbe niinbcr of vtiinofc gBMim in llw fauMi 
m4 nlit IM > » f OO« m i> INm U OWL 

•ThiiMitlMirlmMoaili* lOMiZmwo. vkkklt bm M|roiialli«ia (tbiMailtB. Aa it b MtatMlkM »• 
>i>o ri hw< Mirt^ «MM l lM ^ll«€ *l ili M a»>t Until— n f ma t hm i gnMmt t. 

Tlie numerical results by the matching method appear in die two col- 
umns at tlie ri<;lit. The six genera of the Bquus fauna fotnid in the ii|>|H>r 

Plioccn*" :trc identical with tliosi- of" flif I'leislncetie, jmhI include those of 
the lower riiiu i iie and livinjj; isunias 1 lit- twofjeiu'ni tmuHi in tlit^ JMfis- 
to<'c>uu but not it! the living fauna of lanupc are Kqinis and J'Jvphas^ wliich 
pemst in other continents. One Ki^'cies, Cn.sfor fhrr, in common to tlie 
Eqnus, Pleistocene, and Recent faunas. ISkphag primiffenhUf common to 
the Equus imd Pleistocene, is said to occur in Europe exclusively in tlie 
Pleistocenci The evidence from genera is ambiguous. That from species 



• aaiL U. a Smrrqr Twn.,-raL 4, iSlt^ 9. m •A««ricHi Xstafdllt, vnU It, IKIB, f. IIS. 
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tends to correlate the Eqnns fauna with the PleiBtooeii« of Great Britain, 
Irat tliti number of common forms is so small that thoir tostimoiiy hns little 

1 l»o iiiiiiH'ri« al rt'Hiil(<* hy the I^yfllinii iih-iIkxI ii|)|«';ir in tlic iiiidtlk' 
jiiiir fidunuis. 'I lu- K<juus launii i^^n-fs with tliu I jUK-'r riiorc-iu! in ils 
mtu» of oxHiiC't gotiora; olid in ito ratio of cxHiid; siieciCH it Mtaitds nitWr 
iMHircr the Pliocene tlmn tlie Pleistocene. The ovideiieo from genwa is 
wiNikuni d by tlit- fact tlio numbers involved are veiy small; of 9 gen- 
era fniin Fossil Lake 1 is extinct, of 18 from tin; Arno Valley 2 are cxthict; 
llu; discovery of n feu- mon' Inms's lui^-Iit cnn-^f \vi«l«! diver<reiict) of the 
nitiuii. 'Hw evidence from sp<'cies is iiard to intei-prct, because all of the 
PKooene ^qiocies ate reported extinct Does a finma with one-third of its 
foims living stand nearer to one 'with no living forms or to one with four- 
iiiVli» of its fonns livin^r • Perhaps the ])i-o|)er interpretation of this evidence 
would assi<rn a date at the ch>suof the Pliocene and bepnnin^ <if the Pleis- 
to( ( tu>. It certainly doe«> uot agree with the physical e^ndeuce in indicating 
late Pleistocene. 

If sdl this poleoutolug^c evidence could be properly combined, giving 
eacli element its due weight, the resulting indication of date would be 
later tluin the upp«* nioceue of the Amo Valley and earlier than the middle 

of the Pleistocene of Great Britain. It nii^^ht fall in an aiosimieil inten al 
between the two time divisions, or it might iail in tlie earlier part of the 

Pleistofeiie. 

iVt tlie very best, the date iiilerred fiuui the jihysical fuct^s uud the 
date inferred from the biotie facta differ by more than half die extent of 
the Pleistocene i^eriod. Botl) can not be true; which slmnld bo accepted? 
For niy own part I do not hesitate to pTcfer tiie physical e\ hL uro mid the 
later dsitc I hold with Lyell that "we can not pi-esoTiu tli.it the rate of 
fonm r alti lutions hi the animate worhl, or the eontiini il ont an«l 

cominy; in o< sj>ecie», lui» been everj whea-e e>aicUy e<£ual in i tjual quaiititiuji 
of time;* and tlie Equus heaxu, seems to me to niustrato tlie ])riiu ipW. It 
may fierhaps be found, when tlie fauna is mudi better known, that its 
features coiTespond closely widi those of the contemporary fauna iu 
Eurn]>e, but for the present it ap|>eara that the mammalian &uDa of the 

^lOM I 26 
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Oi-L'iit DiLsiii cxporioncod a greAtor diauge at the dtwe of the Pleistooene 
Uiait did tliiit of Europe-. 

Ill the study of tlif IMfistocciui of 1'jUiu[h', j^eolojfv and paleoiit(>lo{!;y 
liiivu worked tojfi^ther with udiuiralilo results. Tlie geologic rulatioiis liavu 
f^vuii to palfKmtolugy tlio t)(»(|ui»uoe uf ita faxmtw, palcontolo^'v Iuls recip- 
roisaUMl by oorralatJng the dvpOHitH of cxtra-jrlacial rvgiotn with d^nnentit 
of tlie <^lju-iid history; uud throii<j!:h such oiioperation a hewiUlering^ inulti- 
pluity of data ar<? hciiij^ marshaled into a fousisti-ut thou'^li coniph'X sys- 
tem. In America the ,sain«! hcin fit sliotdd result from the sami^ <"onji(Ta- 
tiou. iSome Ploistot-xjuo depo.sits eiia bo iK<.»ignc<l dutt'« tlu-uugh their rela- 
tiona to glaciatioii, and when the fiiunaB and flonUi of tlieso aro known, 
paltiDUtology can contribute much toward the discovery <^ ibe Fleistoeiaio 
history of districts remoto from glaciers. Fcnr this puqxtse tlie Lyellian 
method of pereenta<res is, in my judjiiiient, far less valnahle than the method 
by matchinjr; but the stniidnrd sctle fur fiiatehin;; should Im^ an Auierieau 
scale, based on physical htuUicss in tlic regiuu uf l'lei»toceno glaiuation and 
its immediate vicinity.' 

' Whilfl tlieiw pngM arn luimlng through the iirewit, » volume iit piibli»li<><l ti; Jleiwi*, Felix aud 
L*iik, votilulnlDf; an nc«oiint of I'lpintownc liiciiHtriu« fi>mintioQB in Iti' (in it V;illi-y nf .Mi \ic n. In a 
RcnrrsI way the pbcnontco.i oftbc UonncvillLi and Labontan bashiiiaT>' tijt ri' r<>|M^iitcil. but liisuiry 
ul tboclimat.t iPation has out bO€u fully DiaJo ont. In nnd ^t iii l» il strata, forniinj; a cootinnmis 
•i-rirA vtitli l.ikr hxl itiu^iita niiw b«iiig •lopunitoU, tlivio iinve livcii riiiii il Uinfo nf tliittcvn uiamnialinn 

itiir Uvolu|;l« nnd l'ul»«til<>lu);io der Kutmblik Uuxivu, Vuu Dr. J. i'clix uud l>r. 11. Look, I'art 1. 
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A.-^lUtade8 and thrir detoniimtiou. By AiABRT L. Wbsmtbr. 

Br^D thp d«roriufttloii ol: tbe eeoid by the reuMmdl, tbroagh cvApontinti, of tlie 
water of Lake BoHDeWlte. By B. & Woodwabik 

C.— On till- t'levaiioii of tlio 8urrii<-«' of tlio noiiiievnie BmIr by expsmioo dm 
tu cliaagfl of cliniato. By ii. VVoiiowABD. 
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AI/EITDDB8 AND TUBIR DETBRMIITATEOM. 



By Albbbt L. Wbmtir. 



Id oonneotioo witb the 8tad> of Ibe reconi* of I he anoirnt Ijafc« BoDoeville, it 
bemine a matter of fnternit to naoertain tbe firpMiit relatire nhitadea of pirints MSiit- 

tcri'i! Mlntif,' fornicr pcTinictiT. A coiiiiiJctc nml (Iioroiij;Iil\ natii^factory invostijjij- 
tioii »f the Kiilijfct bi'iiit^ irtiix'uctiuibtf Hum iH'Diioiutt: (^Hi.titlerutioikS^ iC wah inado 
suliNiiliary to tbe inort) {general historic stiitly of tbe lake, anil itti rniattii an aoconl- 
ingly inoomplete or lacking where aueh atadj vouhl not permit of » more exteudeil 
inTearfgatfoii. An fiir as practicable nltitnde* were ohtaliiecl of \mint» roiiix'sentiitfve 
of tli« i'lUirn 8bore-lin(>. To .iccoiniitisli rliis a lurnc ;uv;i of country bad to tn< 
truvffsed, aiul it wiut tifeessary to cuploy all available luiiaiia nud methods for thu 
eolleetioit of tbe data. All heighm are reftmd for oonipMtoon to a eommoti datnin 
l>oiiit, arbitfsiiljr ehoaeti, the aero laartc of the l*ke |^ge at tlie Lake Shore batbiitf 
rt'itort. 

Tbo meo.snn'monts and olis^rvations here brotipfht together are not my own nloiip, 
bat were made by many |)cr<«ona and at varioiu timea. in the follotrinj; paim* the 
attempt in made to amnge tbem Id each order that tbe eritind render aui mHlily 
b'iirn till' • s^i'Dtial nature Of all the flatn on wbieb eaeh eepanle determlnalJnii of 

altitade i.s Im-seit. 

■aeam or tabuu. 

Tabu XVlIt. INflhiMMtit of •Itltnde Aetermincd bjr trigononctrlo ohtenratioM. 
XIX. Diir*TiHicn of allilmlr i1<-r«rtuinr<l by twrraiMrie obnrir»tiom. 

XX. RwliH'lioti of vuriiiiin liil • ni^r rcrnn In tlir Lakr -Shon' dnlnm. 

XXI. GfMign rrcnril*, Rliun-iiiK <!i> In li^lil nf tlw vratvr »nT(acv of Ureat S*lt Lake At taiUxm 

(lalM. 

XXII. nitTcmicpK nf altitiiilii fniiri railriiaal siirvny r<<oor<)H. 
.Will. I>iir»ri'ii<'<'i> <>r iiltitiKic I'v »|" ■ I .1 «iiirit-levi-I (Inlcniiinslionn. 
XXIV, Ki'ilnctinii iif ri'^nllt to i.;ik<> 8li»rr> »• a roiiimnn ilatnm. 

XXV. ('(Ill M i: ir 1 - 1 f'lliiU' of aUiliiilrH of (loliiN oil t.liP I!. Ill 1 1.". I sill HliorrliiM 
.\ X V I. I' ll 11 1 1.4 1,1 1 1 n ii lii'iliili" of iillihiilnM of poinlH on tin- I'niv.i i«liorr-lino. 
\ \ ^ 11 . i Ml i nralivc whixlnl" «f altilndpH of poiiiti on llm Staii-lniry slinrc line 
XXVIII. IXirtTciiecK in altilHttc of lU« UuiiuevillB immI Pruvu Hltorv liurn Hi vnriaiMt localilim. 
XXIX. DMiwniM* IM aliiKid* *r tho Piora aitil 8t«iMlKify iilMn>liaM at varimtn InwdifiM. 

By r<>r<'nMic(' tit i^is .xi'^irnii' of faMcs it will be «eeii tfaat hypBometrie material 
baa been jjutliereil from tlie live following Hourtsew; 
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(1) Ffoa d«t«ntmtloiMi baaed npoD triitoiiotDetrieolNwrTBtioin. 

(2) From dftormiiiMtimm l)a»««I ui>oii eomnirrpnf tnirnmi'lric olisciviitioiis. 

(3) From the rewirds of the tluctuatiotM of the iirvHeiit Great Sail Lake. 
(1) From the records of various railroiul Kiirvpya. 

(5) Frou Mpedal determinHtions ina«l«> with the Ktirvcjor's •pirit-torel. 

TRIGONOMETRIC DATA. 

The few results ohtniiml hy th«> first methoil ami i>r(>tieiit4?d in TiibleXVIIl wt'ro 
ilerivetl by ooini)iititii>ui ftom mfa.siireinoiits of aiiglM of et«vatiaii an«l deprPSRion 
witb ACOOnilMUljriag «hort UiH« liiieH. The aiieloH wen' ineaMired with the (inliiiiiry 
mrrej'or'ti tTMiait, reading to niiuutes on the vertical limb. The base-lines were 
nieosnreil with a steel tape. 

The results are recortlcd io r««t aud tvntba of r«t>t, but it is not intended to asaert 
tbat (bey are tnie to the n««re«t tmtb. They aro probitbly tme to the nearest foot« 
111 conibiniti;: detemiinationH of varioua kinds it h;i>< bi-en fmind eoiiveiiient to use the 
same notation lor all, and the tenth of a fiwt lias iH-eii ehoM ti as expressiiijj the pre- 
cision of the tno8t aa:urate of all the measurements — the shorter lines of spirit-level- 
ing. For tbe iwriHwea of the Boonerille investigntion it woaid be aufficieiit to atop 
at tiie decimal points, aa all the resnlta of inea«nmn«nt are eomlfined with obaeira* 
tions involving; an nnet>rta{iitv of si vfial fri't : imi it is i'iiiii'<'I\ ol fhat some of Ibe 
data may have other useet, ^iml tor ihr saki- nt ilicsr tljc ti iitlis ate trfained. 

TaULK XVIII. — lI'xffr-taofM oj A>lit»ttr drlrrmimttt TriyouniKclrir iHitrrrnlionn. 



1 Virr CiT^V ... I Iliiiinm-in* ibl 

Ki*lt«M. . . - .............. ............ 

ItBtlln ' il<> 

Mfftlilt , ! rr»n« Klinr^ lliir tthorr Siakhbiirv nhor^ lina 

SuBmrilla — I llMniwtn»iikar»llii»«toMFi«t«*lMi»niM 



root. 

IU.I 

au.1 

III). 7 
Sin 0 
IU.« 



BARCWBTRIC DATA. 

Tlie«e<'tion of country incTudiiijj the long sontli«'rii arm of tin' i>ld liike, now the 
Epcalante \" alley, was pnictically acceitsibic to nu btittcr hypstinietrie melliod than 
that of eoiieurrent barometric obaerratioiif and tbac method woa aeoonlingly adoiitcd 
for its inreatigation. 

Tbia region In general Ilea two hnudred miles aonth of Salt Lake Oity, and itw 
nf.in -it (>:irometric base was the U. S. Sijjnal OUSii- in tluit cWy. It was deemed 
ailvisablr to establish an iut<>riii«'4liatc sub ba.se stitlioii iit iUe luaici iiei{;hlM>r!iood of 
tlii' liclil of iti)ierary ob.tervation, to which to refer the new statiotis. The village ol 
Fillmore, lying one handml milea aonth of Salt Lake City, offered esiwdal natural 
advantagm for the location of athsb a anb-bnae. It tnelndea vHhin ita limits a portion 
of the Hoiinevillf .slinic line, tliii.-i m11()\\ iiig but .slight ilisparity in altitude Ix fvreeii the 
tofereuc42 station aud now stations, it is moreover situated altont midway between 
the aoatbern field of atndy and the Bait Lake City primary base, and aObnla, by tbo 
comparison of its series of oliservatlons with that of the Sipial Ofllee, a eriteiiou for 
jmlgiiig of the value of results froai the olMiervatious at the new stations. 
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Two biuvmeterft and iMgrQiiroiuet«r» were led here in the charge of ao olMerrer^ 
Hr. B. H. Biuitli, from July 90th to October 3rd, ISSl. Upon the former of thc«f , 

hourly ob84?rv;ifinTis were made rnrh i]ny from 7 A. M. to 9 V. M. inolualTe; npoil llM 
hitter, rending;! wtn- tikkt ii daily at 7 A. M., 'J P. M. and 9 P. M. 

The Snrvcy did not i-stjiblish a \mst.' station at Salt Lake City, but made nxc of 
the oidinaiy observations by Ibo U. S. Signal Service obeerver. Throngh the oonr^ 
te»7 of the Chief Slftnal Officer of the Army w* were (tarnlebeii with copies of each 
liortionA of tlit^ rci-unls iis wcn^ nM'dtni for onr work, viz., the rendings of Imnirneler, 
tbertnnineter and pit,v<:Uron)eter at 7 A. M., 2 P. M. and 9 P. M., during the i»erioil 
coTcred by the observationn at Fillmore. 

The altitude of the sub-baM above the Bigaal Office at Salt Lake City wm ooni< 
puted from a aeleo.ted portion nf the concorrent observatiottR at the tiro plnr^fl. 

Ill order to avoid i)t)Sfi'\ iitiinis afroctcil h\ abnormal ;»ti(ii)sii1ici w riniilituiii^. tlio 
" reduced " baronietrio readings at the two atatiuus were platted graiihically in cIuno 
pfoximity, with a eommon time aeale. A maifced iMralleliam of the resttlttng enrv«>« 
between thr d iros of .Inly 'Jfth and August 17th led to the aciJCjttanro of tlir- rpfonlH 
included betwut-u thu.su dutus as a basis for the computation, and tliey iiloiic ui ie 
employed. 

Three eomewhat independent resnlta were obtained for the diflV>n'noe of altitude 
by eonsMering separately the mean* of the 7 A. H., 2 P. H., anil the 9 P. M. reduced 

readings at the two stations, Willinirisun's iiit'tlxid nnd tables being employptl.' hi 
eaeh determination the terms t+t' and a+u' iiru idenlical, being derived from the 
means of the temporatnre and hamidily term* «f the 7 A. M., 3 P. U., and 9 P. M. 
raoorda for the aeleoted period. 



K. Mi'au of tfd'-(r<-.l n^aflinK. At Snil Lakr Vily 

II MiMii i»r tihImi »4 .Hltit-4 Ml kiUraiHTv 

f f r rnm mruw i>l 7 a. m., S |h m.. ami < |i. ■■. IM»- 
(■^niiit* natliHis at SiM UUti CUy mmI VUliMna 

lii ii-j r. 

n t tl' rr.iin m' .111^ i-l " ;i i.i :i p n t,.! n p m, ri'l:i- 

tiv.' I IJii> rrilui-don. (.ir »uli Likko Ciljr aMl Fill- 

mufr - 0,(10. 

Knim Tal>)i* h. n lilt nnruidPEil A .,..,vm..-«**> 

Krimi T»M» l>. will i. i.i II ..„, 



Vtni4 appi«iiawl»Nlidc«viica of aftiMi4«- 
rmstaMtlN 



- ( ■ I V ^\ . ir " tKi I VI (i; i; n.' ,t|.liIM?j. 

nul4) il[rfrri-ll«^ »r Allllll.las, illvn ni|i|illi.ll;tl C(»tri.-i:<UiU . . 

INIhNMearalUMto 



1 1a.m. 


tp.M. 


•v. a. 


latin. 

1 fifiH 


ruMn. 

2-> nil 


r.. nu 


ii, TO. i 


Frft. 

t\,m.i 


Frrt. 

31 fiM.n 


717. 1 
4 MM 




7<S.a 
•^MM 












+11.14 






8M.M 



• Pwiflmli M Hl papaf* of Uw Ciiviis of Kngiaccni. M. 8. Army. No. I&, A|t|t«iHlix. 
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LAKE SOmnVILLB. 



To the Fillniors ktethni »1oii«, ui « lM«e, hem tttemA M the illiieraiy 

IWtOmetric* records taken in f lie district sontli of it. 

At tbe new BUitiotiit no " dr> bulb Iberraonieter or pxycbrometer readings were 
takeoi Mid where such data vere necessary in tbe eompatatim crftbeir AltftadM tliegr 
v«n nppUed firoiD the nilmore noonU •lone. 



TABU XtX.-X»)|tniMM 4f MtMt JMni^mI fmm 



I 



Orantiville 



.,\ijiri.i|.ii S|.ri].f i^dLDrviii.' <.i«iri<.iia%lnMawHt«f 

Dwrt). 
Fillmorv 



•taMMUlMfeMV 



Hab'iMa* citloni hwiifiieter atoM IT. S. tiiiiiiii: OOUw b*ranrt«r at 

S*lt l.aks CItT, UUk. 
BonncTlUc •IhhvUm otaM Pm* llian Una. 




KorlbTwin Vr»k. 



lUiiuMTilln nliare-lisF, 7 mile* Month of Milfiml. Mw Fillntorr 

Itonnevlll*) »bon»-lliMt, eaiit hMT nf Paftk, a6oM Fillmorv Ryb Imm 

P»vaiit )tul(« Ilmiiflrllln Hbora-llBfl, nut hunof ]IqU<^ 6rJmr FIUbiotb Nub-lioM 

j b«ro«if4rr. 

I irab.bttap i'liTr'iir t<'r. 

Sh«>:iH*''*^k " *li.ir. 1 ii. tt I !i ijT ntr*»*'f fi> pfln¥*»i». f^tv 1- . I Inn ■! r 

fdli buioiii- t.T 

tl- 1 III.- -li..rv liii,., w.„l ,.r ['..jL K:ll:ii<.r.. »IMI luw 

|.ir.-.|ln-t,T. I 



Illlfi'KBra 
111 AlUluil*. 



ant 



.S.,i.IS, Tu ii, !•. ,1, 



lKi>rja»ll« |)iMi-rt) 

TIktohm.: 



Wfella 



uK I.: 



■ l^UtTMIM'tl^ 



Hollllrtillf nbn|t>-tllir,7MlllM«'«lll4>C .S|.riii£B, 6r('IU' KillllMirr Mll»' 

bOM hartiiiifl4*r. 

UuaMviUa dKm-UD*^ 4 felikw mUi of .Sprin-^, krbw FSlluum 



mbhaM 
Caagii, Mm* FBI 



■f 9|iriDjpi, 



«».7 



1M.3 



T« • 

V.9 
1.3 
«T.« 

) 

»■..•< 

K.i 
ii.i 
TUt 

«z.t 
<n.i 
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LAKB RECORDS. 



At varlons tinuM sptrft-Ievet tiiMS bar« tweo run froni tiio snrfaoe of Great Salt 

Lake l<> ikh'iiU^ on the Ancient Wacbes in the nenr neigbburbood of its present Kliorc. 
Tdo n'conls of altitudes tbn< obt^Uned are not, however, directly comiMiruhle, snu*© 
tli<> Riirnwci of tbo lake ih in a Htate of cuntiniial llnriiiHiidii, ilie reconls of wliicli li;i\'<- 
lieen referral to indepeodeut gauges. It vaa accordingly' uveeemts todetertuiue pri- 
inarily tb« relHtlTe altitadsa of ttm mrtm of the mions g»iig«a. 

Pnn-;(i-:«i to ]^75 the n-foid of th.- i is<' nml f;ill of the lakei.s purely a traditionjil 
one. Sui-h evi<ience, liowever, ii'liiililc, luis bwn pre«cntiHl by Mr. Gilbert in liiH 
ehapler on " Water Snpply," Powell s •' Lands of the Arid Region," in which thrive- 
otds bare be^ni referred to the level of tbe Antelope Island hm as a datum.' 

Tn 1H75 A granite monnnient, inrailnatoil to feet and Ineliea, tfraw ermed Dr. 
Jr.tiii i;. iVirk.of Salt Lake Cily, -it Black Kwk nn tlic suuflici n slinr,' i-f (lie lake, and 
upon thi.s uUscvaliuiiH were made at intervals until U<:t<iiH:i' l.STtl, when it waa 
abandoned. In connection with it, tho Powell Survey places! a granite l>eneli bi<H-.k 
on the shore near by. A line of spirit levels was 6ub«e4|uenlty run, which Bhoweil the 
Itlaek Rock Monument zeio to be .'i0.r» feet below the Blaek Roek Beneh. 

Ill 1877 another ganj;'' erwteil at rar"iiiii;;ti>ii, dh tlie ca-t slmic nf tlie lake, 
in an inlet. A stone reference itojut, planted on r)«iug grouiul near by, and kuttwu 
MS the Farmington Bench, wan foanjl to be 1S.0 Htvt nbore the aero of (he Parmington 
Ciiti^o. Observaticn.s were made at intervals or the Ttewly erected c uipi' until Octo- 
t)er, 187;t, when it was retnlereil useless by the oeetirreiice of a suecvsMoii ul lifuvy 
vimla from llie westwanl. wbieh efleefnally l)arretl the entrance of the inlet nitii sand, 
thus eutiing nfl' its direct cotumnnicntion with tbe lake. In anliciiiation of Mich an 
occnrrenre, a tidrd ir»ng» had been estAbliataed at Lake" Shore. Are mitm aonth of 
F;h iiiinutiiii. iiul iiii.iitlily records begun Novemlwr 19th, 18V9. T!iis is knounas Dm 
Lake Shure Hnu^st; ami lo its zero as a datum have been referred the various deter- 
niioaltotte of whieli this a]>pen(lix tn'ats. (See Table XXIV.) 

A general falling tendency of the Lake for several years |iortended disqnalifiea- 
tton of this gaune, and rendered the erection of a deefier set seale a matter of preean- 
tionary advisability. A fourth ganye was jicM>rilingly establislieil at Garfield Land- 
ing, three miles west of Black Hock, it consists of a stout strip of scanUing, nine- 
teea fleet long, firmly a|»iked lo one of the ]iRc« of the atenmer fder. It is gnMlnatetl 
to feet and inches.* 

On the 'iW of .Inly, ISSl, the Blaek Uock Wnch was found by spirit level to be 
dStl feet above the surface of the lake; at ilie same time tiic water washeil tiie 7 ft, 
9 in. mark of the Garfield gunge. Thus the zero ot the latter is 40.4 feet lielow the 
Black Rock bench. 

Tabii^ X >: indicates tlie etcpR by vbicb tbe various gatigea have been mltioed 

to th*' Lake Slior»' zero. 

' i'lu' Innlii i.Mi i; m iirj in n'p<-(tl<-<l, Willi nn iKlflilimi, iit IIiIm voIiiiim'. pp. 'itl-'il;!. O. K, U, 

' Si iK'p t Ik' pri-p:ir.ition of Appemlis, Um QsraaUl gsqga lins iNtna Aailniyad ami noewML 

Sea p. '.U>. G. K. G. 
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Tabu XX.— MmMiii 



iDlcruMdlM* UtMtni. 



i^'irfacr 

A "Ti!aip«nry llrBrli' si 
JtonriaflM flam* arv . . . . . 




Lake SurfHM . 



A "Tmupofmry Brnch " at 
itagtun (iaugn iCiita ... 



.Un. £1. la 

.. do ... 



S.ir. a, IB7» .. 



llM.aMHiir. 
M,l«ll. 



„..to. — ..... 
aat.iiiiin... 





R«rcrr(Ml lo Jlefcrrrd to 
laMrntMUuc > I..*k« Sh«r» 
Oai||e» 7S»n. 





+ S . !■■ 


1 J.J 


-1 in 


- 0.1 


+ 3.T 


+ 12.* 








- T.t 




+ t.T 




4aa.f 




-M.> 






+ M 


+ .■ 


+ »1 


-■.» 





A note of nncertaiiity r«l)iti7« to tbe imnlto depead«at on tbe filnok Itock ob« 
Mtratkm of July 12, 1877, miMt be tiitrodnevd kwei Th« obMrrai's moid of thnt 
obitmthm nada m follov*: 

^Hfy 12, l877^Walat mrfiad kigkMi Awl mik sf smlmtiin om Dr. VirVk (BImA KaAJ ■mb> 
WDeit; •np(i090(l(»to(tetw»biitBiiik» 

Tbe soRb i* arither imnbcfed mt tattondf bat mbaaqmnt eonvemtimi with 
Dr. Park lad to thA aeeapMRiae of the lesoid In eonfonnttgr witii the anppoaltion ef the 

obserrer. 

CoDflrmatory cvidenn* is fonnd in tho do.-^e ;i[;iri'nn'iit of thiK deteriniimtion of 
tbe monameat uto with a second deUruiination, which joiiia the monunwDt zero to 
the FnrmingtoD men by re ft reiwe to the lake mrliMe. Tbe diflbrenee In the two 
results in lens tluiii ( wo lontlis of a foot. As inlcrvjil of flftppn hours elapik'^l 
betViH-ii Iho rf;uliu^M ui tbo twu j^iiiijitiH tho m'CoiMl drtcnrtiiiation wnn iHxiRidortHl 
only a» » ptncrnl fheck for largo nrrors, ami vras not itsmi in tho radoction. 

A table and platted curve ahovinff tbe riae ami fall of the picaettt Great Salt 
Lake from Deptenber, 1S7.'>, to Jane, 1889, will befeand on iMtges 333-24.1 of lite mono- 
graph of whii'li tlio.s4> form an appendix. By means of tht- thiU\ contained in 

thHt table the linea of level iaji at variouH timcH coniMsctHl with tho water surface of 
the lake mvrv referred lo tho Lake Shore ffwage lero^ Tbe qMelOc <1iit» thiia uaed an 
here repented in Tnble XXI. 
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Tamm XXL— Owf* Hmrtt, thotlktt At Mtkt On WMir Smjkeetf OtmtMHaktmtwtiimmiaUl, 









llcu-lit ..f 


Krislll 
\Viil.T •Mill-,.-.. 
al«,.,' r • of 






n. 




JM 


fM 




My n; tin.. 


1 


• 




f.« 




OoL Ik un .. 


• 


u 


LI 


«1 






1 


4 


S.T 


■k« 




Mm.«k im... 


1 


• 


II 


Xt 




Vair.lt MM.' 


I 


■ 


» 


I.T 




MM.. 


1 




• 






DMkll.IIN... 


1 


•1 


• 


I.T 



RAIUIOAO RCCORDS. 

A fourth soun-.e from which data Iiavp bcrii olitninrd to assist in tlio {{ciienil 
oomiiilutiori. is fotiiul in the re<;or(l8 of vanutis railrmu) isurveyH. The rt't^uliH api»enr- 
ingin Tiililo Wll ill Homi> ciuscH have been derived fniiii (iHtinett's " Lii^ta of Elevili* 
tiom*, 1877, ami sueb an imlicAtod » alar (*>; ia other eaws Ibej are from tiMi<' 
Bcriptt of offldal protllw kindly (bmUbed by tbe engineers of tbe diUbrant rouiM, 



(;.>t:lMI 

Fr^kllu 

(0*9 



PoiaU Dclarailacd aaii PoIaU of Referaam. 

CtMun*^ Sljttinb (L'ej'ir.r, I'v ti. i: K I i i;ii"ri ^l;iti.iU , 

Viunlillii HIMIipii <l'uu .Snrilirm IC K I a^u'•' < »£iI>-b Si^lioa 

LFtiHngluii Htailoo (I'ub iMIfeWB K & «slaMiM> tbrntt Salt 
tjikr ("Hi SWiMi^i. 

lyiRMMMhiBinuh NartkMii R.R.)«*««rOe4MiM*lim 

MIIIM UMIuu lUMk StuUiMB JL R. nimalliD) iittw SaU Lak* 

cairHiaiiMi 

(0Mb CtMMt R. R » tlM* Mil UUCtly amrlaB. 

tOMt flanthara B. S.I atawMt talm filif Klalha 

IM IMt GMpMaUna (tTiab MaHkara LMMM* PcaaklhiMMMMi 

3iiiMiil (V. «. IL R.) Mt hriu ei«r Mattan |U. tt S. R.> 

Nma taha IHaMaa (iriitll Maithani B. &) ataw nmiklln flIMiali . . 
TMcmaatollM (CnMd nacMe It ItlakivaMlUkaBUjrIliatIm 
(0.aB.&l. 




SPBCtAt. SP1RIT.LKVBL DBTBRM1NATION8. 

Talde XXIII contains \hc rcsnlls oT spiiil lew! li *i r linntioiis, made with f^yx^ 
i:ial reference to Uic study of the aticii-nt lake, ('iiick IIiu-h have Xmon run wbervver 
prulicftble, and tbe ranaii of Uie ori<;inal and dupiiiniited mrlc Hoooplnl. Ibwnlto 
tlUM verified ara markeil liy a xtar (*) in the table. 

Meaflunjiuvuts nuHle viUi Locke^H baud level are marked thus (t). 



Digitized by Gopgle 



412 



LAKB BONNEVILLB. 



Tablr XXni.— HtfkNMW of AUiUit Speaittl Spirit- Lml D«termtMaH»ut. 

FiHiita ud BoTercncci. )-*• 



MntkMbl 



HUek Riwk, 

■'ortBi*....... 

HUiM* ............. 

ntbi^iim. 

nBtklto- <.>■—... 

UIM 

Liik*8klN..,. 

I."C-'^ 

iiur«ni 

Tkrut Butte 

PMat lit Ui» MiMinlala 



b^ii it< V ill ]\ttr ntkopr Imkr ■arfar«, Jdljr 2l*, 187T. 

ItonneTilUi nlwrr \iM. I.- Liki' .uif,iic. Nkv -li. Itm 

l*nkVAiiburp-liOtf«^(v Uhc *iMl*€(^, N(i> i'. i^^-J' 

KtdiniiUiiry nbonvliii* dbav^ Ukft NUifiiro. N uv . i^-i) 

Kuonevillt? »3jc*t** line 9f^r* l»*Lr aurfacev July li^ IttT? 

BiMk 10k k lu-n-li ai,..-, 111:1, k K.h i. NfiinuiiKwl um 

ProTo»iiii(v Uijir aiwK ij,ke *iirtAt;»-, July 12. 

Htmnsbary Bbttre-lioi' at^^r* Uko nurr*(«, Jn}y 11 t8T7 

l,'»rtniM< Nlatlon <C'. 1'. K. R. j aUtt lak« nDrbu e. May. inx | Wbrrli r 

Survey) 

■aiia<!HII*«)MMt»tlo»a**M PriKvilior^^UM . 




I'n'uM Vulltj - 



Sosw^aw 

TMnm* 

WilbTfll* 

WfeltollMMillalV.i 

wmtta.... 



(ir.K&&ailMiilni) 

(i):iLa.Kj 

<(towMt»» ataw I W t ill ip (P. H.lt. It.) 

«lt«<l<t«tCl) .... ... . 

IlanarTlllc iibar«.|UMi riAoH O ylm SMIm Q. C K. Ifci, (TMC ■*« S. 

Bnillcy, Unv<l«n Surrey). ..... 

lUjttBvvlUo fctiorr |tii»«A«t< Prtkro»tior«']ilM 

BonnevillA nborr-IUw. abort Sommit fF. S. R. R.> 

l*ruTu •koW'Uiitf b*tmr BocmifTUI* nhvrv llu* 

' Ntwth Oroup." DooiieTilU) aborfv!mc ■'^Mtrt- Pior© nbftro-llMi 

*■ MlJtllv Gmup," Buna«TilI« iib«r>- lin. rtf-i'. Ci. v^s ■hu^liDf . . 

I KanUrVlll^' Nh«'P«<'IUt« IT^OI^r ItikO *>")Ar I .\IIL' "/i 

. PtoVOmI 'IT I'llr .it^ri f Ijk. hl.rl a i' Si, ml- _ 

RimTl'Vl.k, ihlir.. l.l,'' rTf...r, s.«:ni [.all.. SuhImii (V N It. K.» .. 

IU;ln.. > i I. nI.<ii . Illl. Sill I^ikr I Itr, Morldllltl Mi'OUIIIlIlt . . 

IVliT:iliiiu Moiuiiiicr.t '^'i' t.^ U, K, Si^niiJ .V rvir« barfHii«1t-r - 
-:.iLi Ciiy Si .riiMi 1 1 S. R. K.) MctMlan Mnniimi-Bt .... 
S.il- l..il,i)4.:itj Siitiwi tl'. S. R. R.)aW« Lake •Mifitrr. IW. II, mill 

tliiM c>rilt« ■bfirfl'Uu4> nbntr SiiilaqniB Hunamil (U.S. IL K ). 

j U.j(i((K'vlll*f »borv'-!ltt^ *ifc-'tv prtivA •bi^r^Hni' 

ikiBBi'Tiilf nhnK^line aiMfe lak»*iirbnk Mar.. Un (If. T. liuru'M) 

Pr^m Bhorc lioo bflav IVuiiMrllla almr^UB* 

KnaoeriUe phorr lloi- Trrnnu Rtalion (C P. R. R.) 

iloniwrijlft aburviltop ff^«# Plvn>fllMlfr.4lMi 

Pruvo •iiofthlbM m WUl» Wtimrilii atvp* ITUm lt4Miiit«ia 

niBip.... ,. ...... ... 

~ ~ ipiaarbBaltolMa MatawMip ■..- 
l■h•MlrtM^CtN.ll,1•l• 

P w T i rtw ll> « «i>o» M>o •wAm, OM. attdl 



«;»o 

IOSI).«- 

tn,t 
mo 

•M.0 

mo 

«7.0 

Xlt 

WT.W 



9M.« 

Mir I 

K. 4* 
3M.C- 
832. « 
270-2 
lSi.7" 

T.« 

m.w 

320. 1- 
• 37S.S 

M3. r 

MCI' 

1007.7 

iji;,-. n 
Jan. II 
Ui. u- 
li. i- 

n.6- 

TSlO 
MI.O* 
■ •II.O 

rry 0 
m,» 
Ma.7 



tT«.ll 
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COMBINATION OF DATA. 



lu the schedule followiii}; (T»b1e XXIV) a coll«x:tion nnd combination in made 
(if rcsult.s apiH'aiiii;,' in Koin«< of tho hIx lHblo8 prtMMMliii^, ku -xh to n duco the Mt^itionx 
to whiuh Uluy Awh' *^ th« urbitrjirily atuiatned L»ke Sburw ttito dutum. The table in 
wraogai with raAmnoe to thtt latitad«a «f (ha iwinu itetermiueil, IwgiuiilRf wi(b tbe 
auM uorthieriy. 



TiMMXXlV.-. 



to l*« Cakt Mpn Gmaf* Aiw «t • Omumii Anf mm. 



L«k»S«rf»e«- iKv 11. Ihi-.i . , 

Sail Lnk«Cily .Sl„l.n»ii iU..S, Iti - .. 

0|(ilvB I^UtluB 

rranklm SlaUim lU. N. K. R.) 

Swta LAkvSlatlKU (U. K. K. K.| 

B»uu«nll« ■him-ltms TldaUjr of Sal lUiuk Pnaa 



l'r<iT» 



TtctDlt)- af KiJton 



HwM l«k»«Urtimi XXIII 



fl^MhiSMIm. 



flwtoa tlimw 



L*krSliara Ruaec Zno... 
I^ko »iirfitr<>. ^n^. 11.187; 
ItuDBavlllu ahiMV-HM ..... 



Lia«aiirrii(«, AuK.ll.l«T7; laMynliitoii . 
ItounoTUli) Rbors llnr. ri^lnlty of ViaaiMlr 
Prow ■liare'lUM', vfrttllty (if t'njoioultiry 



Lakn SlMf* UwHf .... 
Lako norlH^ Am^l^UIT 



Lake larfiicB. Oct. 2§, imi in(erpu<ml«<l . 
Bounrvjllv nlKin-liut-. vk'Inlt.v »r WMUnI 
Pn»v« rtboffv-llM), vUtliiliy o( tl'iUuil 



Lak« Slian Omik* 

lUi... ....... 



Sail UknOltT stadmi (T S. )( V. 1 I 

TcconiaSlat.iiii |i 1- ic IM s»U I »» 

UuDUBville hhurt muittf wt i'ocwma. j 1«<.mu^ 



U^dun .SUtloB 

lluu*«ll*tlai»ltoib«Mally«raiiita., 



Salt UknCUy MtIiIUii MosuniMit | Sail Lak« CU)' SlaUuu . . . 

(III il«lcnniaatlaak. I 



1 Fri.ni 
1 


lUITtTfni'B in 

K'f. fTl l! Ul 

Iii:' nil ■-l i.it»' 


AllilaiU 

!^kt> S>itlTiS 
<;.iil;--- ^./fw 
I>)l4UI11. 


i X.V'l 
XXIII 
XXII 
XXIl 
XXII 
XXIII 


tret. 
t l.T 
+ M.7 
4 41 J 
+ ill.O 

-f xm. 0 

•i- .JUS. 0 


>'m(. 

1.7 
J£4 
W.7 

307.7 
W1.7 
W. 7 


XXIV 
XXIII 
XXIII 




aM a 


+ tlfct 
ML* 


KIT 

tm.1 


xxtv 

XXII 
XXIII 
XXIIl 




•LI 

tHLt 

awlwv 

m« 

MR* 


+ mtt 


XXI 
XXIII 
XTHI 


+ »• 

^IMT.> 

— MM 


«l 

UMt 

tSLI 


' XXI 
XXIII 
XXIII 


+ S.9 
+ 100 .".7 
f MS.» 


«.« 
lOMLt 
«7iJ 


XXI 
XXIII 
XXIII 


+ l« 
-r OTt.* 
r <aL« 


S.S 
07116 
tZl.i 


XXIV 

Wll 
.\XUI 


t r.'ii (' 


W,4 
t03. 4 
971.:! 


XXIII 




M.7 

m.T 


XXIV 




SI 4 


XXIII 
XXIII 


+ Tl.» 
■I- Hk9 


12S.0 
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Tabu XXIV.- 



I ^ Jltnltt M into 4Rm« Am «• « 



ntm. lUt. tm. Mnp Aa wt tmm 
NMtito kMlaiiliiiM la t«U« XZt 
■uiiwin««lMfW.ltaai, «](laMf «rMl UtoCMy, 



Itaa r«l lit p,tl, lufnttiiriiuni^a Vaitor 

MHhllM«UH}. 



liak»Nifim,^alylS,un «... 

M»WHrdl««honvnMi, vMvltyanNMli RMk 
PMCTBalm Jim, vkWiy ■! HM BMlk 



Lake 8q rf am. July tl.Wr; 
BaaHnvUhi akaivJJB^ iHiitli smI Xtaia (la 

dtMiiatMtlMi. 
Ptvra alninMlM, wMb ni Riait* 

tetmiDntiau). 

Liike aaif.in>. N<iv I8M; iatayalatad 

HunoHviMi' Bbim.' l(i»t*. nitrlh •■A of Mm A^M 

lUll^x Cil ■l>'l<>riiilsatiM|. 
PrtiTo ubiirr liDn, north Mri Afpii laana (H 4a- 

trniiaallant, 
(haaillNiry •kataJhi^ Nwlt mil Awl . . . 



full IJlkfOII) SUtkilxU.H 11 !L 

Siir.111,,11 («'.»- K. K l, vl«li.ii> ..I I'iJiM ..r i<i. 

Douu^:*ilfi* i*bi>rt' liw, vicLllU; uf PihuI of lh» 
yiitluUiln. 

Pniro ftbofivltiw, Piklui of tb^ M»iinlAili .... 

t^kr HorfAro, Mcli , 1K73- InUTTwlAtod from «{> 

praximaleiliU oitt UKrlodLtl in Table XXI. 
BanMriUe aliufv line, viciaily itf titMikUia 
fr»fa<fc» i » lk» vMailr arSiMklM , 



talonilate llatwii. 



Kntiii 
Tiibli. 



Lak»SlmiaOMi0>Sbca ... 
Lak>MiAm.lal7 lj;t«T 



i^ifcit Bliani 11m||» T«n ... 
Lak* MUilMU^ July l*n . 



XXI 
XXItl 
XXIII 
XXUI 

XXI 
XXIU 

XSIU 



IMfl'vrrnoffi in 

.VllltUili- 
r«*f«*rr«Ml tn 
Inlvrmediair 



tttt. 



Allitude 
alKivn III* 
l^ake Short- 
GauKv Zorv 



Uk* aiMN OlMft Zr«« 

laMttmuHtn, Mav.BL MM.. 



Mt U1t>Cnr8IMln(V.&.lt.&|. 
auU«iiiDt)aMall(V.ftB.S.) 




N..it (■ [. .sutkon.. ...... 

I'. N. it, K-^iiniiiiil 

Oonnorillv aliurv line ] XXIII 



Lalu •ui(iu«k Mob,. 1973 



llStUlirCUrBaltan 

•Hla«ulaSHMilt<ll.&ll.lM, 



V.K.aif|BilBQr*lw taHMIIItor 



0.1 



+ »■» 
+ It 



XXI 


-^ 1.1 


1.7 


XXUI 




IMlLl 


XXITI 




«>.• 


XXTII 


* in.* 


tak.7 


XXIV 




53.4 


XXII 


I MI.O 


Ml. 4 


XXIII 




W7.4 


XXIII 


- »Ti» 


S«l.> 






»» 


XXIII 




MM* 


XXIII 


— m.» 


««.» 


XXIV 




B3.« 


XXII 


■^ m.» 




XXIII 


+ »• 


IIIL4 


XXIT 




R« 


XXII 




m* 


XXIII 


+ aii.t 




XXIT 




IH.4 


XXIU 


+ lit 


m.* 


XIX 




in.t 


XXIII 




MLS 



im> 
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Takji XXtV.-/MiieUiM ^ ffMlto M« Cafe 



nwv>dM»Ul««tt P«v*M BUM.. 



Vtt}Ktiali« ftuU tui^i* WuiliH'IcI' . ... 

r^ikip .kt \Vkil« MiMiiii*iii Hpriiij: 

I'rii<» ahonJlMxru WWU M««Mata Hull* .... 
i-n.t<> mra ^tgtM <• Tiil»nMvl> ItaM* ■»'■ 

ootllitnr. 

PtlltlKtr*. «u>» lKy*'.> !..nii-u»-l< r 

Il-Min, .ir,r .-liT.' Ini- u:, K-Hi .-li !Utt;. 

lUiiiiH-vlUo nliar^ libit, litwc i>f N'Mrilt r» in Vrak 
noraoBlkTwta FMk 



KiJliiMiifl rtnli btbMrt IwriHiii'l-'i 



I I'MliMom iiut>-liiuM» baiuiiivliT 
.. «lu 



Rull Luko City Slatiou it'.S II K.) 

M<irunlSUti<jD. r.S, U.K.«xlMutu« ,. MlLikvGttjr 

BMiovllk' ■>i<>ro-liMt TtaMtraf HDtanl (ta»4» mUail BMIM 
•wittliutimij. 



umn* tMlim,X>.». tL1t. wnwtm 



rvillc •bon tiuv, T mitoo Mitilh of Mliri>nl 
BMinrvillfi Mlifarf^tlnit, 2 lullm luMt f>f ThrrnHif* 
FltHinL'vitU Ahorv-lino, 4 tiiilca i«*nl!i Tfi- nn.M 
ILmneville Hbun'-lilNi, 7 iiilttu* mi iuIi <i: rti. mi •- 
Bonilpvillc «liorn-lLjjr. 1 mile wottt <»f AuUiUipo 
gffinag. 

IViaiH'villvaliMV'liarMiHtliiburSpriBKf.-... .. 
i(4.ni»'riii« Am lit, wt If w n wi w t» Wmte 

(!«u>iin. 

Ibinunrillt' atore Hn »tM Hf ft lM iOlll»llMrfl|lW 
Ham. ■■ . I J . ■ . . m: «— t«f ■ ll tl « H II»l» llMinr 

il»niK<«ill*ilbi>rv lla«kQ«Ttb«f •MfWMMSlMMl 

Crvrii C«a|')liu 



Cmdv «a HiM W >i¥OT> . 



nnaiim MtaMMn 

• - - - avav^^a^B^ip^avavi** - - - 

' ' • 4V ■■■■■■ I aaaia ■ • • • > . - 



XiX 



.MX 
XXIU 
XZlll 



.\ X I V 

.\IX 
XIX 

xn 



XXIV 
XXIt 
ZXUI 



XXIT 
XIX 
XZUI 

xxin 



xxnr 
xtx 



XXIV 

XIX 
XIX 
XIX 
XIX 

XIX 

XIX 
XIX 

XIX 

XIX 

XIX 



l^ffi'ri.'DCB iv 
AlUliHk 
rrrwndia 

Uuum. 


i al>4>vc iti«< 
uStmm. 




JWI. 




>tl.S 


- Afl 




— mi 






IMSI.V 


- 4:f 1 


M. 1 






4- 


an.* 





DSi ? 


- 17.1 


;ii t '< 


+ La 


MX « 


— sL( 


■BLt 




».< 






+ 






m-t 


-««.• 




+ 




IB.T 


Mt 




WLt 


— Kft 






MI.I 


- <«.» 


avii 


70 0 


m. * 


— «B.7 




- 45, 1 


yit.l 


+ M.7 


««•> 


+ 


UM.4 


-I- «<a 


urn* 


■f m« 


iiir.i 




vmi 


•MM.* 
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LAKE BOMBBVILLB, 



ALTITUDES OF SHORE-LINES AND THEIR DIFFERENCES. 



Fur coiiveuti-Mcu in cuinpar tjuii, the lU-li-i ruined uliuttdvn ul {Mtiiit.s un the 
Bonneville isbore-lilie buvu Ikvh i-olU-cliil in TahU- XXV ami iiriiiii;:< il « jih n fironw 
to liiUtiiilt>, tM-^'nuiug «Ub tb« biOMt uur|b«rly. In uiUUiiwit tv Uii» » culuiiiu ba» 
been |ne|»iir«'<l uivint; tbe *'Infem'i! biph-wnter " of tb« Bonneville Htagv, iriib 
its j)n>l»al)k* error. The itrciiaraiimi nT (liis i nliiiiiii iusnlvi's several cuiLsiilcratiuiiN. 
lu tii« lin»t i>lave| tbu vboro rvuurd to which leveU wvrv run coiit^isted in eut-h <%inu ul 
» toiiognpbie fieatnre which might er might not BtaiHl At the i>TeciiM> k-v fl «>t' th«- «5»r- 
resiioiiding water snrface. In some cases there whs reason to believ*? that it was 
lii^lier, in otluT caiH'H that it wa.s lower, and in unh-r to obtain tiie altiiiiile tthm hi 
the li^lit-hand cohiiiiti, a correction w.u :it>l>Ii>'<i- To ol)tHin (he valne 4>rthe iiroUahle 
error of tbia altitude, two aourtxA of error had to be ooutiidvred, the error ot in»tru- 
montiitim, or error of the leveling proper, and the error of the estimated eorreotiou 
to the meastirt'il (ii'>;;lit. 

In detitluii; iijiwii the niuouiit of allouanir«^ or cortwtitni to lie ii|>j»litd to iLe 
determined ultitudcH in order to obtain the inferred high-water line, much attention 
WM fpvva to the local ehameterietiiai of the ehore-liue iu the vteiuity of each deter- 
mined point The ein?et of lociil eotidttlom wm the wibject of special stmly by Mr. 
Gilbert, and the aUi>xvance fm ililTcanuai in altitude between the sIiok- li atmc ii)ea3i> 
ured and tbu uirrenponding uater surface wai« in each cn.se basexl ou his e.Htiniate.' 

With refpreuce to the error of iiiKtrnnientutiiin, the :itii-n)]it wum maile to deter 
mine the general prevision of each hy|i!ionietric method ii^ed. A probable error in 
acconi with snch determined |)recision wns assiit^ned to each M'parate measaremeni, 
and the iirubable error of each nieasnred altitude whh deduced from i he oomblnktlOU 
of ibe vsmtn of the eeveral steiia on wbicb the iiiea»nrenieut wa» baaed. 

The probable error of the estimated allowanoo for the dilTereace in altitude 
lictmcii the tij|iii;;raiihic fentiiic mciisiiml and the hi{;h waler bni l ujs itself a in;tt- 
teroi otiiiKiti- uiily. being bii.sed u[)oii considerations urisiug iVoiu Mi. tiiUierl's jieu- 
endMtuily ot the subject. 

■ The probable error of the oorreoted altitude was deduced by eouibiuiug, io tbe 
naonl manner, the prolmble error of instrumentation with the probable error of the 

•*e»liiriati'(l ;ilKi\v;i rici'." 

lu asicertuiriiiitf the precision of Ijie Uaroiuetric work, use was made of the long 
mvkn of simultaneous dMsnradoiw at Fillmore and Salt i^ake City. Sixty iude|>end- 
ent computations were made of the d.flereiUH) iu allitnde of the two atatioins each 
computation U'ing based on a single (K-t of concurrent observatiium. A computatiHU 
baaed ou the discreiiain ics of the sixty lesnlts showed the jirohable error <il" a tsingle 
determination to be feeu . Ytae erron a«aigned to tbe barometric detenuioatioiia 
were estimated on tbbi basis, allowauoe being made for distanee and other speeial eon- 
ditioiis. 

A part ot the leveliuK wurk vnm duplicated, and an e.vaiuiiiatiiui dl the recouls 
of such dupti»ited work led to the belief that, as executed by us. ;i line of levels not 
exceeding hve miles in length nor 1(H)U feet in vertical nuige, need not be a.^sigiied a 

*A dlwBMion of tbi* aul^aet will Iw round in Cbspl«r 111 of thb vuluiue, under Uia headiii]}* 
"Ewlnnknmt 8«iM" sad " DatanninMiHi of «till-w«tor Lnol," Vf. t:i-l1». O. K. 0. 




HEIGaTS OF SHORE^MNES. 



417 



grejiter i>robable error tlmii one foot. Locke's hxntl It^vel, when supiiortetl by ^ 
iMKt wnnI on a itoep hillktite, was fonod to liftre » prolmUv error of •bont one foot fa 

8U0 tei't of iiscent. 

Tht^ proUalilc errorH n'conlwl in the following tsiltlos were olttiiitifU Ity «'oiuliinin{r 
the ej<tiin!itoil j)n)l)ikl>lc t-rrors of nieaNurenient with Ihu C8tinmtfil probable eM'ir-< 
itientilicution of the plauB of the aucieut water Hurfiwio. Jt i» nscoguized that any 
inAiTidnal determidattoo, not dnplicatftil, muiy iiivolvo mom srmo error tot wbtob no 
allowMiee Is mado, but if ancb crrora eziat tbeir nnmber ia waall. 



TaDLK XW .—Comparatin Stkalittt of AUUm^vio/ l'«imU on Ik* BoHurriUe Short-tint, 




Ik. t»rnijit«il Ibfcrroil 
.Mlllilili. blt;lk irjilvr 

»Um> tite I Irnl. •bmrs 
lalMtclMii* : Utw Mim 
Gauiw Zi-rn- j (hHW Sum. 



Uiack liock 

Narti aidar Aiiiit ttoaif 

r«iiit oTtt* Mmuitaid . 

8l«skl«B 

8Mll>l|ldB. . u.. 

I.*a>lDsMl....rr..... 




larVorihTwlari*. 
• ■rfkmtbTirtonMk. 



T mi\<-» wiilhnf Mllfunl ., 

'i iiiiK'ti <tf riii*T™i»« . . . 

I 4 iltlIrM MtHilli Ml 1 Im riitfiH 
7 (iiili'tf !tolllb of TbvniMl* 

XON I 31 



[iinfr filiri' of n < iil h'Trari- Lnrk flf Fnrl 

riiiaxUa. Ilv ri >| li.'i. iiiilnniliin 
T niter f.fU'x or ^ f tti t'-rrarr hai^ of FMt 

I>oii)[Uik. ]ly Ht.*»(itiil 4rV 
ItaRfr *<l^e of acvt'tttmiM ... 
tunei •immrcial-twiMk By 

nnllwii. 
liiiH-r i-Jfp of a 

trmiiDiition. 
< 'rt'«l «tf uti **ii>li4Dl(iiir III , 

do 

Inner •dgc of* «aU«ttMa 



QnMf ar* lair hv..„..„ 

Xair aM«ral|taaf ftanMnraa* 

MU4I* afa Mt-toma* 

Qatar atgaaraaManw* 

... fa 

Ra4 ar • V-natawtaMMi tha tlantloa 
gtttn ia the lUid aalaaia t* Ika «>aaral 
iBwaaf tka thtta Jatctiaiaailaaa at tkv 
pnht fhm <n -fMla XX IV, m^LUaii 
tba «M al a. tin It a, «•« tin 

tkMatt. 

OfUtt «itf« «raaal>lmHii .............. 

^t i.s.ii* oTa MfM* MLt-Mttacp 

.M i<MI<. nf a ciit-li>mra 



AM. 
W7.T 

m.? 
mo 
m(,> 

lllll.S 
(ITfl « 
IITI. 1 
BTii. 7 
U7«.« 

WO. 2 

tow.} 



or.-. 4 

lUlll 0 

ra<.a 
•ti.« 
ma 
ma 
•nt 

•at-a 



aii> 

Mil 



•M« 4 

•ttl 4 

laiat 8 

IViOt 1 

ok;. 3 

Wit 1^ i 

jwtj r. 
«:*> r. 

W( • s 

■Ml; a 
wnt 4 

IWt J 
• I . 3 

wr.'i- 5 
ttWt ■ 
MSlK 
«*■« 

Kiai.M 
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LAKE BONNEYILLB. 



Tadlk XXV.— CvHvanifiw Sditdule «/ MM»ihm •/ Point* At ll»»«trVh Short Unt—VouWna^ 



au]|iliar S|«riaii» - 

naWOiiviw— — 

(Km* arMMiMim- 

8lMMlCiwfcGaqyva(N«th 



UoKripOwor IMmmM mm. 



llMdl»«r« «at-lMno» 

OaUradga wT% Mtk Icmmb 

Oattr «igt at ■ Mu l*tT«M 

Otttf af a Mw ImiM. . . . 

Haw Mitw Mlf* of a Ml* tone* 



A)litlMtr> lllcli-lriiirr 

a^Htvi* lilt* IfTt'l, alMive 

IdAolilMirD I Lake Shun 
I 



Km. 



lira. 4 



IMtM 



IkbleA XXVI Nhil XXVII pmieiil. In form (rfmitar to the amueciiiMit of TkUe 
XXV, dm deteraiiDMloin unto ou Uie Provo mid 8tNU«lNiiy aliom-UiMs. 



SNMiyllM af tKMHlatd FtiaL 



Allltiiilf 
I alwrtt 
Sliur«t rtniun 
I 2m. 



ttof* lak* 



Prmnontnrr 

WiUard 

Black Kmk 

VwikiadankaAqai nana* 



taatr«heaiira««l-lfnaa* 

Cnd DfakaraaailgaafaMla 
laB«r«d||»araaa^liiftan ...... 



4tt 

IbDHf eil;; 

lUUliMl. 

Iiiult •-■iieo ur a eaUai i mm, >y mbwi4 da- 



loTaaabianMklvlaiiiManRl- 



NorftaMlofUiaAqMBaiicii 

Point »f lUe UDuiilaia t'mit -.'t an ii.jn.itiliinrot . 

Slix^kMD Cn .1 (>r ii l.vr 

I'aTunt nattn -. .. I km- . . a . uMi.iriic<.-— imllviiDct 

Wkiile Munalain Sphu^ ^av^i ut > uilrAiiliniriit 

Do .MM*...*.......!.. Liii<M»r('4lcAr4HtiiN lufuaa 



Ftt. 









STT . i 




im.'i . .1 


«7'J, 3 


iiT-j . : 


«!:i.e 


n-u * s 


MO.* 


•M* 4 


mc 


S 




US* « 


3*1.11 




«lt. 0 


4411 f I> 















Tamk XXVII.— Om/aniKfe Mtdah ^ .<IM<a4i« ^ PaliiO m ifcir AhMataiy Man-Mii* 







SttT 


SMaa 


Nartii«MlafllMAqBl]lHia*. 
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Tables XXVI (I and XXIX nre in gwiieral eompil«d direetiy firom TuWes XXV, 

XXVl iukI \XVII, and givo tbi' iiifl"i if'ii<fH in altitud«t of tlio .iter Wins ui rlie 

tStiiincvillo uud Pruvu nUiKCb, aud Provu uud Stautibiiry iita{:e« ie.siK.H.'tivclj'. Tbu 
Siiowiville, Dare Creek, and Matliii reanlto ooaie dinet from Table XVIII. 

Taslk X\ V|]|.->/JViPFii((« tm AltUiid» */ A» B&wmtrtih ohI fVaiv Slim-r Uun mt rariwn LocMlut. 



UdMy. 



linMnnriH*.. 
FnmkUa.,.. 



UmwCmk..... 

UtUu 

Vrilfcrrt 

BbckBocfc 

Kutdi Mi< ■! IhWR* 

OiaaMtlNc ... 

SiMiklni 

dtp null* ............ 

.SlHiir|iloir ....... t..... 

VI. Ii Spring . ... ...... 

r«vsui itutM 

KilliiKtun 



UiHwiiiilJ'ju of I'niBi MI I'rara . tHKmumH 



OuU'r «lj:ttvf a cut'UflFaou 
ia. 



CnrtafaatailM 

4» . 

laan Hpaof a nl'l 

CNM*f«tMr 

Oal*r<dgB«r*««M«rna« . 
IlUMr«4|*«racaMimM . 



.... do 

*) - 

iln .. 

. il» 

Illltf-r nlccnf u cllt-tOinUMl.. 

('r..«l of a V 'or >•••• 

CrT*l of a liii^ Iiiix - 

I Cr«M ain emIwakairM ... 



Uulrr cdgaofacul lafni'e 

Imm tit» of a (iit'lvrTMu ... 
Gnat af tar vn c4sa«f s tktia 



CmtafMivnUiilianal ... 
laacf af * cui'lanMa. . 



BufllMtiaaa ....... 

CMMafkkir 

bacr wlHa if a camiii<w . 



CiaalaralMijrlMr ......... 

.... <lu 

Cttt »t»a Mnliankmai 

Tnni r ^.Ici^ of n fuVtmnmtm .... 

i^MX of II u fnibHakOMal 

OlHrr it.li;*> of a cul iTTACr 

<-'«( (rrmr.. linHrfitlltet ... . 
On-ftt «>f ciutankniciit on White 

MoiiOtnin l^iill**. 
UrMi<>f»afialMiaknM«l 



fret 
Mit 3 

ari* 3 

9l»t « 

mi a 
aHu a 
mi: » 
4ia± t 
«u a 
»a> a 
aui a 
im± * 
aada a 

S74* 3 

3 

3Kt 3 
.TSU . 2 
1*.' 1 1 
330 . I« 
« 

Mtk a 



Tins XXIX.— 04f<rMcv« «a AltiUde Mf Iht Iftw a»4 JSl«»ib»rjf 4*«r«./tart «l •■litM teMliNmi. 



TiclMtrar 


Kuan «f lb* riM* SbdMw 


Wamn «r tb* MaiaiM/y 
flban* 


DMeMaia 
afAltitad*. 


1 V<icdiaBd«riliaAi|ailMi)g* 


Oatoradg* af a ait.lBiiBw . .. 
Innarailea vTACUI-lcfiMa . , , 


jwr. 
auta 
mat 
aiata 
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APPENDIX B. 



OS TDB DEFOHMATION OF THE Gl-OII) liV TlIK KEMOVAL, TUBOOilH 
EVAPOKAXION, OK TilK VVAIKU OF LAKH BO^'^KVlLLE. 

Bt B. a WoomrABD. 



The following l>ara!;ra|)bs contiiiii aa mitlino, with qiecisl ivfolwnoiMo tli* I/ikt> 
fiooQevUto probtom, of » seuoral iiiventigatiou of the form of tfao ge*M 9» iuAwuvvd 
bjr local attracting masaeii oreertoln iloterniinato (brin*. Tbe falletit pnbliciitiou con- 

stitutcs Biillitin N'l). IHoftlid f. 8. Gi'ologicul Siavtuy, utititle«l On the Foriu anil 
Pi>M(i>'ii oi' till' Se:i Li'vel. So til 13 ot' the luatliutu.itiu.kl work a|i|)i>iirii in tlic Auitalsuf 
MailirnialK s, iii NH-. i and C ut' VoL 3aud No. I ut' Vul.3; au«l tho piiiici|Mll »tim«r- 
ical results wilU rvfurciiuu tu hii ice cap arts iib-ttraclcHl in tbe iniper by McxMrs. Ctiain- 
berlin ami SaliHbitry on Tho DrifdesH Areuof th«> Upin-r Mississippi Valley, in tlie 
SixUi AiiuiKil report or tbo L'. 8. (icologlcal Survey, pu(;vj« 291-1!!)4. 

Tlie form aiiU i>ositiuu aa-Humwl by tUo HurliWMt of Uie oucau or tbe aurfaop of a 
lake at My time are determiaed bjr the iwntem|>oraHeoiM distrlballon and velocity of 
rntiitinn t)f till- ivtrrli'-t inn-'s. Any diaii;;c in th;it (li«trilMitinn or in tliat velocity oi 
rotjilioii iiivolve-i, in general, cbuii^e^iu both the form ami |K»silion of the free siirliieen 
of alt terreiltrial bodie!* of water. Sucll anrfACvs are called level siirfaceH, or now nmre 
flominouly«equii)ot*inii:kl Hiirrace^i. M^ithcmatloaily ibey are always regarded as duiscd 
Burfhces, or aa enconipassiu;; the earth, Imverer liinitnl thfir i-fmble iiortioini fire- 
seiited l>y is<ilateil Ixwlit's of wafci' may bo. Tims, itu- sr.i .--iiiriKt' is iiiKij.;iiicil to 
extend throaj;li ttie oouUneutd, iui po3iUou at any inviiiible point l»eiiig the height lo 
wbieb water would riae if iwrmitted to flow throngh » canal from tlie aea to that 
Itoint. 

<^r the two fiu'tors which determine the form ami |)08it.ion of IbeRen levd ntnny 
opocli, the tli.slrilnitioii of (he earth'.s nniss i.s the more important. Indeed, the rota- 
tion of tlie eartb may be eutiruly igiiorud iu computing tl>e eflectn on tbe eea-levf 1 of 
Mnoh olianges in the aaperllcial diHtribution of mutter iM an; here oenaidered. 

It will be convcnifiir in wlut lnnii\\s (u ilistiii^riiisli lictneeii the relative atti- 
tudes of ihv siuTuces of the .sea i>r .uiy tiiuiil;u t i|iiipt»U'!i(iai snifaced at diOiiircnt 
apochs by rcferriti;; to thetii h.h dist nrbeil and nnillstni bed siirfaceK. ThuA, acuordiag 
aa we call tbo present aea aurboe auUi»tMrb«nl or diiiiurboti tbe ita»t and future sur- 
faoeaaic diatnrbed or nniliatnrbeil. It will aUo bo oonvenieut to call any im^ pro- 
duicing aaeli reiatiTO ebaiiges in aea lovel a diaturbing inaas. 
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In the paper reforml to aboro it is ^Uosuu that tin' i fV. c ( of Hii}x>rflcial masses 
of •malt lOHgnitade in oomparuoa witli ttie «artb'a maa^ iu distoitiug the aea-lev«l in 
expicMKd bj tb0 ftairmnia 

io which V » the eleratioti or doprenioa of the diatorbed sorCace with r«si»ect to the 
nudistnrbHl at the point where the potentinl of the dmlnrltilig omm i« T; ' V. to the 

potential of the disturhing in is^ iil.uiu' fho liii.' »( iiiN rx r-noii of the «listiirtw<> r\ml 
aodismrbed surfiioes, or the value «t V where r = Ui itmi y is the acceleriiti«);i ut 
gnvlty. 

The application of the above formula presentt uo ilitticulty except in (be ottlcu- 
hUion of the poteiiliiils V and V», which are in Romo maes, qti'te complex qnnntftfes. 
For one of the most important chwHes of cases, namely that in which tin- ili-duliing 
mase is •jrrometriually dispoaeil about » rodins of the carth'ii vurfaoe, the potentials 
bare been oxpreRsed fn terms of tntesrale whieh may be reHdtly evalnatMt for the 
eharaoteristif imliils iif lln' lii-tnrlK'il «tirfar<\ In thin class of (•a'^fs thi"* distiirbfHl 
Burtaee will tviili uilx ln' i ijm .HViiiiiietriwil nith resiiect to the axis of the (iisliirbing 
inasK, anil. «li.sr(>^artij»g the effect of the Mamngnl water, the anionnt of the diatnrb- 
auoB is defined bg the following formula t 



Rerctu t hait the eame meaning as in (1), /i is the denaitjr of the d)«tnrbjng mass, p. the 
mean denait.r of tb« earth, n the nnmber 3.14189 ft the aneahir dfaitanee of any 

point of the ilistnrbing mass from its :i\is, und ft^ is the aii:rnl ir radinsof the bonier 
of the inoii!) or the limiting value of fi. The quantity' i 18 u deliviti* iuU^ral whiuh 
may be auMt briefly ezfrnned tbva— 

" J, (,«!iirp=wii.r) «»»*^» 

wlierein n i« the anj^ular distance of any jwint of the disturbed snrlace from the axis 
of the diNtnrbinj; mii<M. n and v are thus |Mihir co onlinates of the disturbed sea 
norfiice. 

The effect of the rearranged nea-water, ignore«l above, Ir aimply to protlucn nn 
fxaggetatioa of tbe igrpe of anrfhee deAoed by (3). and thia ezaggemtion maf be 
expreoed by a aeriea of rapidly oonverging terniB (aee \\ 20-S4 of [Mperon Form and 



' ir ?ii til" .ir. .'Ii iiii •!( of (ho <lixlnrl>ini; mn^t .ui l r it« iliilariro fniiii llw |>oitit hi i]Ii<'i>Iuhi, <1>i' 
potmitial "f tli<- niivn i« the Bnin of all tkc i(uuticDl<i or V ^ ^° . Tb« iwn nuithviualkai r«*Uer 
■hoiitil dlfltiiiffBiib Mvenillj batirom potanttal ami attmathMt tlie latter Mas a fVritativa tlm 
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Posilinn of the Sea Level), but for tli»> small manw.s hciv conaUlered the Sam of tbcfie 
aUditiuital Urins is iiitii^iiillcHtit. In nil casc^t, iii(l<H!tl, tlu> eharMrteristio effects are 
•xpreNNeil by equation (li). 

For leoticQlar tamm» of the typn awamed io the text, lU« thicku«as to given by 
the expression 



(3) 



Hera K t» tbe thiekoeH $iong the axts of the 

mass, ft and flo Imve the meanings assigued 
rtltove nud n is any |M>H5tive Integer. This for- 
iiiuIh iiiuke^i ip((S) = h,t, w the ui;ivh of iittirorm 
ttaickneM wbeii » U iuAiiite. For otUcr v)ilu«« 
of « the nuHM will lie thickeat along ila axia 
And (liiriiiiisli ill thickiiexs more or less rapidly 
i\» we iMiss (riMii tlie axis to tlie border, or a* (i 
increuseM fntm 0 to ft,,. Some of ilie cnrres de- 
fined (•'() are Mhown in Figure SI. The scale 
for the sector ABO, rpprenentfttg a fnvRt circle 
of the earth through the nxis of it ienlicular 
lake basin, is 1 : I l*ri,(HHM)m» ami the nxlinl 
Kf4dc for the curves ii = 1, .H, 7 is exaKK**fnt''d 
aboat 5,000 tiinee, the aaeaiovd value of A. licing BiMin* 

1 nnil l^jk* S^-tili' for •fM-linii t*f t*-rn'«frul p»jil»-it* 

I.WWWei, ^ *n»li- f.ir llilct,!!,*. .,( .lUllitUlng 

For the particular value of given u.t*\»\ 
by {3), eqaaliou {,2) beconiea 




or Mml tratimltr Ub 



(0 



ir we ic|ir(vciit till' \ nines of ilii- deiluite inte^i'iit iii tlils (((iiiii inn for points alou|; 
the border anil at the c^^uter of the luiisn by 8( uud S| respectively auil denote the 
correnpoiuUiig valaea of « hy «t aikI «■ reepectlvetjr, we ftnd 



Tlita exprmms the tliiri>renee in nitltniln of th<>i illstiirbmt anrflioe at tb» eent«r and at 

the bor<ler f>f tin* ili-sttn liiiu' mass. Wlirii, .is in tlir [irrsrnt cnsc, tfic (Iis{iii lMii<r mass 
is water in a lake l>asiu, we must sul>stitut<« for fj the ditl'crence in deuaity of water 
and snperfleiftl mdkM. That te| 

pail — 23s_1.8 aiHiroximateij. 

Finally, if we wi^li to as4-ei-laiu the separation at tin' > i nti r of the basiu, due to 
• change in the density of its contents, oreqaipoteiitial surtMces which iuteneetahmg 
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th« bocdflr, we have ouly to differentiute (5) lejcardiog aud fi 9» TwUblw and 

Mtetltnte for the ebauR«) iii deimity of the eonteiito of tlie boahk Tkn, tiie wiia- 
milon fai ezpraned by 

- n) = » (s. - 8,). (6) 

The values of Si and in (5) aud (6) majr bo fouud from the following exproit- 
aionii: 

®' = » + 1 Mil AA,. 
8. = » sin j + lir(« + 4, ( » + 4A) 

+ } " 

The Diarcli of tlie above rniiuliuim S| ami 8« uiid tlic coiifspomliug valuetiuf 
(ft — vi) and J{vt — tx) is illa«tmted by the unoHTical resnHseiven it» the table below. > 
Tbv data for tbeee rawlt* are the foUowinn t 

A, T= 1000 feet, AaansoflS 

The reaults in tho fiflb colnmu show how ntnch nearer to the center of the earth tlie 
amoneil lake snrfam la at the middle of the biwfn than at Its bonlrr; and tho mnlta 

ill (li«> Hixtlt ci>1iniin sliow lion mucli ii sbure Irace at tln' iniiblle of tlie basin wmiM ho 
found to be above tlio (■oiiti-tni>or»iieous traee at tbu Imnler, by » line of fiiiritleveld 
ran after the removal of the water. 

VtatJtTLt1L,-—Maetfll»wm§riAativtpi>,iiin»>of Uiri Sarr.icm u •■ Jain ImJ* IM «M«t»ii4taiiiifer «imI 
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APPENDIX 0. 



ON THE BLBVATION 09 THB BUBTAOB OF TBTB BONNBVILLB BASIN 
BY BXFANSfOV DUB TO OHANQB OP CLIMATE. 



The following problemn were .Miibniitti d to in<> by Mr. rStlbert: 

{1) Trli lliiniKjiml yt iir-< t lir- Ktirf n i' \ n ' ;'ti : ItMiuM i ;it iiic nf tlif liontH'villft liij-Nin, \s li h li 
Iwcii luUK .'uti!>l:ilit. wiiA riii^i 'i 10 1'. .iiiil ir Ik . ■! ^rn< iiiH li.inut 'I. I lu- lincjir rNi'.itiM^iin <>( Hin 
niilijateuc iiialviiul is .tMi(l,U(t(i fivr iW^n t' F. ; tbc cubic cxjiiiusion .IKKl,um. Horizontal ililatatiuD bciiii; 
|ir<-vvnt<Ml l>y iiili-i fcreuci', tbe lutal cubiv fSpftHioil WMUXptMMdui wUMldllatMhUD. Haw OHHiy 
iMl WM ttte »UT(iv» of tli<! (;r<>uiiil llflnl t 

(9) Sana m* mhow for pi-niHl or 1(K),<XX> yearn. 

(3) Saint> m aliovc tor jwriud v( l.(KIO,OIH« ypurn. 

The cttoliiig Uy conduction of a largo spberv like the earth from an initial mii- 
fytm tem|)«ratarv, Riwa rii^e to cuhicRl «ODtnicliOO VllOM ainmilt is M>l|riiOl a|ppnizi> 
matfil; by the foUowiog foruinla:* 



r s Uio i»diu« of the spbore, 

M = tbe itiittol nulform excess la temperatore of the spliera over that of tli« wot- 

ruuiidiiig nictliiim, 
a' = tlio coi'lticient of ditliiMion, iLssumed conslant fur the whole sphere, 
ess the cocllicient of ciibii;al voutnustion, wwnmoil ooDiltiint» 
(Kthc tiinu al^ur tiie initial epocli, 
«»3,U1'>+. 

TliiK ftormttitt wilt apply to tlM «arth Ibr l,00i^Mm,(MNI yeaia ntlMoqueDt to tbe 

initi:ii witiioiK iiitioiiiiriDi; erroM cmater tliau tfaoee iavolvod in tbe aaaaui])* 

tioii of con.stjtney of a anil e. 

OoovetsL'ly, the above formula will give tbooabieal vipHnsioii of aspliore, eon 
'•equent apoD being 1 mmeraed iu « mediem wbieli miiiitaiiie ■ eoHtaiit euifaeo tem* 
pentan it degretM higher tliau tbe Initial temperatore of tbe epbere. 



Bt B. B. Wooovabd. 




in whi«-,h 
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If in the lAtter eaie we suppose tlie totul volumetric expusion to remit in vn- 
tfcal nplift, an effect wbich would follow from heating the eiirth's crost if it behave«1 

limlpr rX])itll.sjoii liko U lii|lli<l, tln' :iinninit tit tlic lljilift w ill lie i x|in'sxcil \ cry cIom-I.V 

by the qnotieot of equaUoa (1 ) divided by the area of the sorface of the sphere. Thna, 
MDlng the •■Hwat of tb* npUA 4r, w« b»T» 



= 2uea 



Tfiinp titp year and the Ilritisti lunt us niiif>. Sir W. TlioiDSon flodM a £a 20. 
With thi» value ami with w = 10^ F. and e = o.t«KJ018, (2) becomeH 

VlwL 

zfra 0.004061/7. 

Vfate fivn tbe followliiK valttM oT Jr corrMpoDdiD^ to sercnl taIum of I : 







10.000 
10O.OUO 
t.«IO.OM 


V,M 
1.W 
4.0$ 
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